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'Ihe purpose of this Study was to investigate the hypothesis of a 
dietary interaction in youn;J rats fa:l diets with am without zinc am 
linoleic acid. 'Ihe parameters used to assess the interaction(s) 
included feed intake; weight gain; leukocyte alkaline };tl.OSJ;tlatase; 
bleedirr;r time; awearance/nruscle tone; dermal lesions; plasma zinc; 
plasma fatty acid profile; the testicular mineral concentrations of 
zinc, copper, iron, arrl manganese, and the total number of circulating 
leukocytes, granulocytes, and platelets in the anllnals fed the 
~ilnental diets. A ramaniza:l block design, based on initial lxxly 
weights, involving a 22 factorial treatment arrarr:Jement was used in 
this study. Factors i.ncluda:l two levels of zinc (1.5 ppn and 40 :ppn) 
and two levels of linoleic acid (0% and 2% of total dietary calories). 
'Ihe ~.i.m=ntal phase consisted of 4 test diets which were fa:l to 24 
rats for 33 days. Data were analyza:l usirx;J fixa:l effects repeated 
measures (R1ANOVA), mltivariate (MANOVA), or univariate (ANOVA) 
analysis of variance m:xiels. When either R-tANOVA or MANOVA was 
erploya:l, Roy's Maximum Root Criterion was used to test the hypothesis 
tbat the diets had no overall effect on the observa:l results. 
~ has been used to answer two general questions in this 
investigation. 'Ihe first question asks if there was any systenatic 
dlange in the depen:lent variable group mean vectors aver time. 'Ihe 
sec:on:l question addressed by RofANOVA asks if the response of the 
depen1ent variables differed ciepen::li.nj upon both the diet an:i the point 
in time, during the ~llnental {ilase, in which data was collected. 
MANOVA was used to detel:In:i.oo if the response variables differed 
depen::lin:; upon the assigned level of the diet. 
'lhe resu1 ts of this study StJW)rt the hypothesis that dietary zinc 
ani linoleic acid interact in the laboratory rat. '!his investigation 
has identified growth, testicular ~' platelet count, arrl the 
plasma fatty acid profile as physiological ~ters that respooo to a 
zinc X linoleic acid interaction. In addition, the tine elem:mt 
associated with the onset of a dietary interaction in weight c.him3'e an:i 
platelet count has been approximated. 
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OW'I'ER I 
An interaction between dietazy zinc am linoleic acid basEd on the 
i.rxlividual am canbined effects of dietary nutrient deficiencies CNer 
time has been proposed (Bettger, Reeves, Mcscatelli, Reynolds & o' Dell, 
1979). Zinc has been linked to cyclic metalx>lic patterns involvinJ 
food intake (Krammer, Briske-Arrlerson, Jdmson, & Holman, 1984) am 
there is the possibility that such patterns OOlld be responsible for 
the alterations in enzyme activity am grC1Nth obsel:ve::i by SWenerton arx:i 
Hurley {1968). 'Ihe severity of a zinc deficiency is relate::i to both 
degree arx:i duration of inadequate zinc intake. 'lhe onset of linoleic 
acid deficiency signs is delaye::i when c:onpared to signs associate::i with 
zinc deficiency but at sc:me point in tilre the effects of each 
deficiency state on a physiological function theoretically may 
converge. One possible relationship between these two nutrients is 
shCMn in Figure 1. 
Nonnal 
Fhysiologic 
FUnction 
Inpaired 
o*o*o* * * * * Linoleic Acid 
0 00 **** 
0 0 0 00 * 
Adequate 
Tilre = 0 
00 0 0 0 * 
00 
Zinc 
o o* 
00 
Deficient 
Time= t 
Nutrient Intake 
Figure 1. Possible Relationship of Zinc am. Linoleic Acid over Time to 
B'lysiologic Function as Dietary Deficiency Progresses. 
1 
Zinc must be consumed daily in order to maintain the functional 
integrity of basic enzymatic processes involved in nucleic acid ani 
protein synthesis wch regulate cell division, groNth, an::l repair 
(Sarostead & Evens, 1984). When zinc is withheld fran the diet of a 
weanling rat, the experimental effects can be detected within hours, 
arrl death will follow within a matter of weeks. Based on the 
obseivation that 24 hours after consuming a zinc deficient diet the 
plasma zinc concentration of weanlirg rats decreased by 55%, Dreosti, 
Tao, arrl Hurley (1968) suggested that P'tysiolCXJiC zinc deficiency 
occurs in rats before any significant depletion of body zinc stores can 
take place. 
'Ihe onset of signs arrl symptoms that result from withholdi.n;J 
dietary lipid are less abrupt, arrl rats can SU!Vive on such a diet for 
nonths (Burr, Burr, & Miller, 1932). 'Ihe metabolism of essential fatty 
acids deperx:ls on the activity of several different desaturase arrl 
elo~ enzynes. Experiments involving essential fatty acid (EFA) 
deficiency in the rat have shc1Nn that the tine necessary to produce a 
deficiency is decreased if the diet is also deficient in zinc (CUnnane, 
Huang, Horrobin, & r:avignon, 1981). Kramer et al., (1984), have 
reported that the effect of zinc on polyunsaturated fatty acid profiles 
was related to reduced food intake secorxlaiy to zinc deficiency. Ayala 
ani Breilner (1987}, hc7wever, suggested that zinc participates in a 
critical desaturase reaction in the conversion of linoleic acid to 
aradri.donic acid. 
2 
Bettger et al. (1979) speculated that since the signs of zinc 
deficiency an::i Ern deficiency were similar, zinc an::i the essential 
fatty acids interact metabolically in the rat. Many nutritional 
studies SUFPOrt the conclusion that dietary zinc an::i Ern interact 
:metabolically (Olnnane & wahle, 1981; ~' CUnnane, Horrobin, & 
Davignon, 1982). Hc:MeVer, the exact na'b.Jre of a zinc am linoleic 
acid interaction an::i the miniJnum time necessary to establish an 
interacti.rxJ zinc an:i linoleic acid deficiency in the laboratory rat 
have not been established. 
Rationale of study 
A repeated measures experilnent was planned to help identify 
:possilile sites of, an:i the minintum tine necessa.:cy to prcduce an 
interactin; zinc an:i linoleic acid deficiency in the Sprague-Dawley 
rat. 'Ihe pw:pose of this study was to investigate the hypothesis of a 
dietary interaction by abservin; the rn.nnber, volune, concentration or 
appearance of selected !ilysiolo;ical variables an::i characteristics in 
yOlll"q rats fed diets with an:i without zinc an:i linoleic acid. 'Ihe 
criteria used to assess the interaction(s) included: food intake; 
weight gain; dermal lesions; appearancejnruscle tone; leukocyte alkaline 
!il~tase; bleed.in;J tine; total leukocyte count; absolute granulocyte 
camt; platelet count; mean platelet volurre; plasma zinc concentration; 
plasma fatty acid profile; am the testiallar concentrations of zinc, 
copper, iron, an:i manganese. '!he results of this experim:mt should 
help to clarify the dietary effects of zinc an:i linoleic acid that 
cx::o..1r aver t.i.nv=. 
---- ·--------------------
3 
Limitations of study 
'lbe major l.ilnitation in this type of repeated reasures study 
involvirg hemic variables arrl the labo:ratocy :rat is the cliffiallty 
asscx::iated with obtainirg a good quality blood sanple in sufficient 
quantity in a routine non-t:ramnatic manner. 'lbe total blood volume in 
the rat contributes ~roxilnately 10% of the bOOy weight, arrl sanples 
are generally collected by cardiac puncture, capillacy collection from 
the orbital sinus, or by tail puncture, incision, or snip (Mitruka & 
Rawnsley, 1981). '!he method of tail snip was selected because 
prelim:inal:y ~imental results irrlicated a sufficient volume of blood 
could be obtained repeatedly in this :manner. '!his decision was made 
even though it was kz1a.m that the tail of the rat is often severely 
affected by nutritional deficiencies. Other methods of blood 
collection were elinri.nated because of the risk of killirg the animals, 
introducirg bacterial infection, or the lack of reliability in 
obtainirg sufficient blood quantity. 
4 
c:HAPI'ER II 
RE'VIEW OF UTERA'IURE 
Zinc arrl Essential Fatty Acid Reguirements arrl ~ficiency Signs 
Zinc and linoleic acid are essential dietary nutrients for the 
laboratory rat and male weanling rats fed an egg white protein based 
diet must CO:t'lSU!re at least 12 parts per million (ppn) zinc per day in 
order to experience maxilllum body TNeight gain (Forbes & Yohe, 1960). A 
higher mininnim zinc COl1SUII'ption (awroximately 100 wn per day) is 
required to support optimal repro:luctive perfo:rmance (SWenerton & 
Hurley, 1968). Signs of zinc deficiency 'Which can be pro:luced within 
28 days in weanling rats fed a diet containing approximately 2 ppm zinc 
include grcMth retardation; immature hair coats; fissures at the 
comers of the IOOUth; scaly feet; alopecia; dermal lesions; enaciation; 
edema aroorrl the eyes, JtDUth, am feet; a "kan;aroo-like" posture,an:i 
death (SWenerton & Hurley, 1968). A partial listing of other sequela 
associated with consumption of a zinc deficient diet include a decrease 
in plasma zinc concentration, an increase in the number of ciro.llating 
polynx:>rphonuclear neutrophils (Dreosti, Shyy-Haw, & Hurley, 1968) , 
decreased enzymatic activity of intestinal alkaline !ilosphatase, 
alcohol dehydro;Jenase and glutamic dehydrogenase (Kfc:my, Reinhold, & 
Sinx:mian, 1968), ani reproductive disorders involving the testis ani 
estroos cycle (SWenerton & Hurley, 1968). Clmnane, Horrobin, am Manku 
5 
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(1984) also reported that zinc deficient rats have lower testicle, 
thynus, ani epididynal fat pad organ weights b.rt: oonnal liver ani 
adrenal glani weights when ~ to controls anil!lals fed a zinc 
adequate diet. 
'!be requiretent for linoleic acid is pl"t'{llrtional to the energy 
suwlied by the diet ani it has been estimatEd that linoleic acid 
shc.uld sut=Ply between 1% ani 3% of the dietal:y energy (Hassam, Rivers, 
& Crawford, 1977). A report by the National Academy of Science (1978), 
based on a review of the literature, placed the linoleic acid 
requirement for nale rats at awroxmately 1.3% of the dietal:y energy, 
although, the percentage may increase if saturated fatty acids 
contribute mre tllan 5% of the diet by weight. In an investigation of 
the nutritional an:i nvatabolic interrelationships between fatty acids, 
Holman (1964) foun:l that weight gain decreased if saturated fatty acids 
were increased while linoleate was held constant in the diet ani 
concluded that saturated arxi unsaturated fatty acids interact in 
tissues. Holman (1971), also suggest:e:i that the increased requirement 
for linoleic acid in a diet contairri.rq high ~ of saturated fat 
may reflect the invol ven-ent of essential fatty acids in saturated fatty 
acid rretaOOlism. 
Essential fatty acids have been associated with cell mnbrane 
integrity, intercellular matrix integrity, water retention, weight 
gain, an:i mnbrane viscosity. 'lhese acids also exert stearic 
influences on enzymes, an:i seiVe as precursors of prostaglan:ti.ns. Rats 
~a diet deficient in essential fatty acids will EOOtibit 
6 
cliJnini.she1 growth; a scaly dermatitis on the paws an:l tall which is 
dJvious after consuming the deficient diet for awroxinately two weeks; 
loss of l!D.lSCle tone, an:l microscopic dlanges in the skin, kidneys, 
ovaries, an:l testis (Hollran, 1971). 
7 
Based on the similarities of the signs that develop 'Wilen either 
zinc or essential fatty acids are deficient in the diet of a weanlirg 
rat (decreased rate of grcx.;th, skin lesions, an:l reprc:xluctive 
disorders) Bettger et al. (1979) proposed that these nutrients interact 
metabolically. Several different approaches have been used to study 
the effects of essential fatty acids in zinc deficient rats including: 
EFA supplarentation, deficiency, net:al:x:llic, an:l c:crrposition studies 
(Omnane & Horrobin, 1985). Evidence for a metabolic interaction 
between these nutrients includes a report that zinc is involved in the 
enzymatic conversion of linoleic acid to arachidonic acid (Horrobin & 
CUnnane, 1980) • A decrease in the activity of delta-6 desaturase may 
be the prilnary biochemical lesion responsible for the grt1Nth 
retaroation an:i teratcgenesis associated with zinc deficiency (Dresoti, 
Manual, Russell, & Buckley, 1985). 
Role of Zinc in Essential Fatty Acid Metabolism 
Zinc may be a cofactor of del ta-6 desaturase, an enzyme that 
participates in the cozwersion of linoleic acid to gamma-linolenic acid 
(Huarg, et al., 1982: Ayala & Brenner, 1983). Brenner (1981) reported 
that availability of delta-6 desa'blrase is rate limitirx] in this 
conversion. Ayala & Brenner (1987) foun:i that a dietacy zinc 
deficiency was associated with decreased rates of linoleic acid 
----------------- . -- ·-- ··-· ·-
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conversion to higher ha!ologues am corclmed tllat in zin:: deficiency 
the activities of desaturases am elon;ases involved in the tootabolism 
of fatty acids were suppressed. Kramer et al. (1984), hc:Mever, 
suggested reduce:l focxl intake am not zinc deficiency per se affected 
the delta-6-desaturase step in the netabolism of essential fatty acids. 
Fogerty, Ford, Dreosti, am Tinsley (1985), cx:.llpU'Eld the results of 
several investigations v.hlch dem:mstrate.d that zinc deficiency, reduce:l 
focxl intake, type of tissue (mamtnaiY, testis, or liver), type of 
experinental study (fatty acid c:::arposition or enzyme activity) am 
lipid fraction (phospholipid or neutral lipid) apparently influence 
delta-6 desaturase activity am concll.lded that the role of zinc in 
fatty acid netabolism was still an enigrra. 
Bleedirg Time arrl Platelets 
Results of several reports have .i.nplicate.d zinc in the netabolism 
of essential fatty acids or their horrologues which include the 
prostaglardi.ns am thromboxanes. Linoleic acid is a precursor of the 
prostaglardi.ns am thromboxane A2 which participates in platelet 
aggt'93ation (Willis, 1984) • Since the concentrations of prostaglarrlins 
are decreased when zinc is deficient in the diet, Bettger et al. 
(1979), have suggested that zinc is involved in the conversion of 
arachidonic acid to either a prostaglarrlin precursor or derivative. In 
support of the hypothesis that zinc is involved in prostaglarrlin ~ 
netabolism, O'Ml, Reynolds, am Reeves (1977) reported that bleed.in;J 
tine, a neasure of the herrostatic function of skin arxl of the platelets 
capacity to resporrl to injw:y, was extenied in zinc deficient rats. 
------------- ----- -- -- -
Bleed:in;J is prolon;ed when platelet aggregation is absent, weak, or 
when the platelet count is :mtx:ed. When the platelet count is nonnal, 
a lon:J bleeiirq time suggests a platelet dysftmction. Zinc deficiency 
awarentJ.y has an effect similar to aspirin which prolOIXJS bleec:Ii.n; 
time by inhibitin; prostaglan:iin biosynthesis (0'001, et al. 1977). 
Platelets, which fonn the heoostatic plu; that stc:ps bleedin;J, 
contribute ~roxiJnately 70% of the zinc fCAllli in the buffy coat of a 
blocxi sanple (Milne, Ralston, & WallVJOrk, 1985). Chvapil (1976) 
previously reported that platelet aggregation was :inhibited by zinc 
ions. 'Ihere is the possibility that both zinc deficiency am excess 
affect bleedi.n3' tine by either depressin; prostaglan:lin synthesis from 
linoleic acid or by inhibitirq platelet aggregation. Zinc has been 
reported to have different effects (enhaooe chemJtaxis am inhibit 
Iilagocytosis in Rv1N cells) on functions within a sin;Jle cell type 
(Prasad, 1982; p.SO). 'Ihe possibility that an interaction between zinc 
am linoleic acid will affect the bleedin;J tillle, the number of 
circulati.rg platelets or the mean platelet volume has not been 
established. 
leukocyte Alkaline :Rlosphatase 
'!he exact function of leukocyte alkaline ~~tase (lAP) is not 
knc::x.m. 'Ihe activity of lAP, a zinc metalloenzyne located in the plasma 
lrembrane of rat polynorphonuclear neutrophil (R-lN) cells, is sensitive 
to the prostaglan:iin concentration in vitro (IRs, 1983; Millard, 
Gerard, & Schneider, 1979). 'Ihe concentration of this enzyne is 
awarentJ.y not sensitive to the intracellular zinc concentration 
9 
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(Fredricks, 'Ibanka, & valentine, 1964), and the enzyme does awear to 
be mre c:ax::entrated in mature FMN cells (Beisel, 1967). '!he zinc-
activatai fonn of leukocyte alkaline ~tase is low in nonnal mNs 
but is sanetimes elevatai in the presence of infection and stress 
situations (Beisel, 1967). IAP term to bx::rease for short durations 
after a fever or stress has peaked and the FMN camt has decreased 
(Beisel, 1967). 
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Alkaline phosphatase has several iso-enzymatic fonrs that require 
zinc as a cofactor. 'Ihe concentration of intestinal alkaline 
phosphatase apparently increases when fat, J::ut not protein or 
caJ:bahydrate, is increased in the diet (IG.eerkoper, Home, Cornish, & 
Posen, 1970). Although, l::oth zinc and lipids (linoleic acid am 
prostaglandins) are involved in the metalx:>lism of leukocyte alkaline 
lilOSiilatase, the possibility that an interaction between zinc am 
linoleic acid will affect the concentration of this enzyme in mN cells 
remains to be investigated. 
Total leukocyte and Polynmphonuclear Neutrophil Count 
Zinc dietary deficiency is associated with a characteristic change 
in the nonnal leukocyte differential count in rats. Zinc deficiency 
ar,parentiy does not affect the total mnnber of leukocytes in the 
circulation (approx:il!lately u,soo;mm3 in so day old Sprague-ll:l.wley rat) 
but will cause the~ of circulatin;J polynoii=honuclear neutrophils 
(approxinately 1, 700/mm3 in 50 day old S-D rat) to :increase by about 
40% (ll:l.vis, Wallwork, & sarostead, 1984~ Dreosti, Shyy-Hw-a, & Hurley, 
1968~ Jain, 1986). 'Ihe cl1an:Je in mnnber of FMNs could be relatai to 
------------~ 
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their in:::reased cellular activity (Wannamadler, Pekarek, IQ.ainer, 
Bartelloni, Dlpont, Hornick, & Beisel, 1975), to in:::reased P1agocytosis 
associate:i with depressed serum zinc values (Iennal:d, Bjomson, 
Peterirg, & Alexamer, 197 4) or to a nonnal }:ilysiological process 
relate:i to maturation. Olvapil (1976), reported that as the plasma 
zinc concentration .increases :EMN cell notility, ani Iilagocytosis will 
decrease. 
'Ihe principal ftmction of neutrc.prils is to fight bacterial 
infection, am. R>ms account for approxilnately 93% of the circulatin:f 
granulocytes in rat blood (Jain, 1986). Since FMNs account for the 
majority of granulocytes, the total granulocyte count recorded by a 
m:xlel S-PWS Coulter Counter could substitute for a microscopic 
neutrophil count. Approx:ilnately 5% of the -weight of nonnal neutrophils 
is contrib.rt:ed by lipid (Gottfried, 1972), rut it is not knc:Mn if an 
interaction between dietary zinc arrl linoleic acid will affect the 
total leukocyte, or the absolute polyrtX)q:honuclear neut:rqilil. count. 
ramal Lesions 
S<:xte of the effects of zinc deficiency apparently can be 
ameliorate:i by administration of essential fatty acids. For instance, 
Clejan, castro-Magana, Colliw, Jonass, arrl Maddaiah (1982) reported 
that zinc deficiency was associate:i with testicular atrq:hy whim could 
be alleviate:i with arachidonic acid. Although linoleic acid can repair 
dermal lesions caused by zinc deficiency, gamma-linolenic acid (a 
product of linoleic acid desaturation ani elon;ation) appears to have a 
mre general role in reversirg the effects of a zinc deficiency (Huang 
--------------- -- --· -
et al., 1982) • Zi.boh arrl Hsia {1972) , reported that the exten1al 
awlication of prostaglarmn ~ to the skin of an EF1\ deficient rat 
~d aJre the dema1 lesions associated with deficierx::y. 
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While discussin;J a correlation between dentatitis an:i groNt:h in 
the essential fatty acid deficient rat, Holm:m {1964) speculated that a 
~ animal will deplete EF1\ reserves fo!'Illin:J ret~ cells faster than 
an animal whose grc::Mth is retarded. 'Iherefore, the mre grc1orlth the 
animal experiences the mre severe will be the del:natitis. Prasad, 
Oberleas, WOlf, arrl Horwitz {1967) applied a similar rationale to 
grcwj.Ig cells in a zinc deficient rat an:i concluded that apoenzymes 
which normally combine with zinc :bec:onE increasin;ly non-functional 
resultin; in suppression of grcMt:h. While both zinc an:i EFA 
deficiencies will suppress cellular grMh an:i result in dermal lesions 
the time course of interactin;J deficierx::y has not been established. 
Appearance/Muscle Tone, Focxi Intake arrl Weight Gain 
Hsu an:i Anthony {1975) reported that rats fed a zinc deficient 
diet experience an increased rate of :muscle catab0lism as evidenced by 
increased urinary excretion of nitrogen, urea, an:i uric acid. '!his 
:muscle catabolism could be secorrla!y to the hypqilagia associated with 
zinc deficiency since zinc deficient rats will only consurre about 10 
grams fcxrl/day ~to 12-17 grams fcxrl/day on a zinc adequate diet 
{Bieri, ~' Briggs, Ihl.l.lips, Woodard, & Knapka, 1977). A 
~ similar to l!UlSCle catabolism has been described in essential 
fatty acid deficient rats. While dis01ssin;J muscle tone, Holman 
{1971), described EFA deficient rats as hav.inJ a "distinctly soft, 
-------------- -- --- ·- - -
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flaccid feell.nj when they are hardled, in distirction to the firmness 
ooted in nonnal rats". rurr et al. (1932), reported that \Vhen the diet 
of EF1\ deficient rats was ~lemented with linoleic acid the animals 
gained -weight, skin lesions cleared, an:l the muscle tone became 
noticeably better. 'lhe possibility that a zinc an:l linoleic acid 
interaction has an obsetvable effect on awearance/muscle tone, focx:i 
intake, or weight gain remains to be shc:1Nn. 
Plasma Lipids 
Bettger et al. (1979) reported that zinc deficiency did not 
affect the plasma fatty acid profile, arrl amnane et al., (1984) 
reported that zinc deficiency did not alter the plasma palmitic acid 
concentration. Clejan et al. (1982), hcx.;ever, reported that a decrease 
in the plasma arachidonic acid concentration was associated with zinc 
deficiency. Olen ( 1979) fc:mxi a substantial variation in the plasma 
pallnitic acid concentration of rats fed free fatty acids. Feedin;J 
pallnitic acid as the only dietary lipid soorce may result in depressed 
grcMth of rats (Alfin-Slater & Morris, 1965), arrl. this depression may 
be a sign that can be attr:iliuted to essential fatty acid deficiency. 
'!he conversion of linoleic acid to arachidonic acid hov.'ever, was not 
brpaired if the diet contains only palmitic ard linoleic acids 
(Mdlrhaur & Holman, 1967). Palmitic acid can be elomated to fonn 
stearic, oleic, am eicosatrienoic acids or oxidized to fom myristic 
acid arrl. other shorter chain fatty acids. 
When the diet is deficient in essential fatty acids, oleic acid 
will be desaturated an:l elon;Jated to fonn eicosatrienoic acid (Fulco & 
---·------------- e-e - -·- • 
Mead, 1959). SI.JWlemen"t.inj an En deficient diet with linoleic acid 
hc:Mever, will inhibit this conversion. (Mchrtlaur & Hollllan, 1963). 
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Based on the inhibito:cy relationship of linoleic acid on oleic acid 
desaturation an:i elon:ration, Holman (1960) develqm the 
trienoic:tetraenoic fatty acid ratio as an in:1ex of essential fatty 
acid deficiency. When linoleic acid is the major polyunsaturated fatty 
acid in the diet, ratio values above 0.4 were associated with EFA 
deficiency (Holman, 1960). 'Ihe trienoic:tetraenoic ratio reflects in 
vivo synthesis since neither of the fatty acids U5al in the ratio are 
ccxmron dieta:cy components (Holman, 1964). Although, the validity of 
the ratio has been questioned (Hl.l.an;J et al., 1982), a superior irdex of 
EFA deficiency is not available at this til!le. 'Ihe predictable 
consequences of zinc arrl essential fatty acids on the serum fatty acid 
profile have not been established. 
Testicular Mineral Concentration 
A zinc deficient diet has been linked to reproductive disorders, 
arrl Becker arrl Hoekstra (1968) suggested that such a diet will 
consistently arrl significantly reduce the testicular zinc concentration 
in rats. I.ei, Abbasi, arrl Prasad (1976) fcmxi that the nain effect of 
zinc on :reprcxhlctive organs is at the testicular level ani that zinc 
deficiency alters testicular steroidogenesis. Zinc deficiency results 
in testiollar weight loss (OJnnane et al., 1984), arrl a rat must 
consume awroximately 100 ~zinc/day to insure against the chan:Jes 
(at.rq::hy arrl spematogenic arrest) that are associated with deficiency 
(SWenerton & Hurley, 1968). Prasad et al. (1967) investigated the 
c::han3'es in testicular zinc, iron, ~' calcium, am magnesium that 
result fmn dietary zinc deficiency an::l c::ooolu:led that in deficient 
an:iJDals the iron ronoentration will in::rease an::l replace zinc in the 
testis. In a mre recent article Prasad (1982; p.49), suggested that 
zinc exerts a protective effect on sperm am other cells by decreasing 
their cellular activity an::l stabilizing their JOOillbranes. Roth an::l 
Kirchgessner (1977) reported that short-tenn zinc deficient diets will 
cause the~ rontent of various tissues to increase. leach an::l 
Lill:mn (1978) fourd that~' a mineral that is essential for 
gr'C1Nth an::l repro:iuction was necessary for the synthesis of steroids in 
the testis. 
'1he effect of EFA deficiency on reprcduction has been recognized 
for a number of years. arrr an::l &lrr (1930), reported on a sterility 
in male rats fed an EFA deficient diet that was characterized by loss 
of normal sex responses an::l an inability to sire nonnal litters. 
Apparently zinc deficiency will alter the concentration of several 
minerals in the testis am will also affect steroid synthesis arxi cell 
m=Itlbrane stability. Whether an interaction of zinc an::l linoleic acid 
will alter the concentrations of copper, iron, or~ in the 
testis of the rat remains to be detennined. 
Experilllental lllration arrl D=ficiency Signs 
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Exclud.in;J all sources of zinc fran the diet will result in 
detectable signs an::l S}'ll'Pt.ms associated with dietary zinc deficiency 
within 24 hours an::l death within 28 days (SWenerton & Hurley, 1968). 
:aJrr am Blrr (1930), hCMever, dezronst.rated that a rat fed an essential 
fatty acid free diet ccW.d sw:vive up to 70 days. 'Ihus experiments 
pertain:in;J to zinc deficien::y states terri to be short-tem wilen 
caipa!'E!d to the duration of EFA deficiency experim:nts. 
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Bettger et al. (1979) fam:l that a CXJ!lbined zirx: ani EFA 
deficien:::y wwld accentuate demal lesions ani depress the grcM:h rate 
of rats after 49 days. Based on the exaggerated response of rats to 
the canbined deficiencies, Bettger et al. {1979), designed a 35 day 
experiment am was able to shc:M a zinc X linoleic acid interaction in 
weight gain ani in epidennal aradti.donic acid concentration within a 
tilte pericxi that would not nonnally result in EFA deficiency signs. 
Clarke, :Ransos, ani Leveille (1977) investigated the ti.loo sequence of 
changes in hepatic fatty acid synthesis in rats neal-fe:l 
polyunsaturated fatty acids (RJFA) ani dellonstrated that the rate of 
fatty acid synthesis is decreased when rats are neal-fed RJFA for 3 
days after being deprive:l of RJFA for 7 days. 'lberefore, both zinc ani 
linoleic acid deficiencies can alter~ activity after relatively 
short periods of deprivation. amnane et al., {1984) have used an 
experimental pericxi of 42 days to develop a zinc X linoleic acid 
interaction arxi have in::licated that the 21 days used by Kramer et al., 
(1984) is insufficient to develop the full effects of zinc on EFA 
m:tabolism (Omnane & Horrobin, 1985) . 
Experimental Paralreters ard Criteria 
'lhe p.n:pose of this study was to investigate the interaction of 
dietary zinc ani linoleic acid in the Sprague-r:awley rat. '!be 
paraneters used to assess the interaction ( s) were divide:l into two 
------------ --- -·-
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categories. one category inclu:ied parameters that <XlUl.d be measured 
whlle the experi.nent was in p~. 'Ihese parameters wdl included 
feed intake; weight gain; leukocyte alkaline ~tase; bleeclin:j 
tine, an:l the total rn.nnber of circulatin;J leukocytes, granulocytes, 
an:l platelets in the aninals fed the experilnenta1 diets were subjected 
to repeated measures analysis of variance. '!he secorxi category 
included pararooters measured at the em of the exper.i.nent. 'lhese 
parameters were subjected to univariate an:l multivariate analysis of 
variance an:l included appearance/muscle tone; dennal lesions; plasma 
zinc; plasma fatty acid profile, an:l testicular mineral concentrations 
of zinc, copper, iron, an:l marganese. 
Previous investigations of dietary zinc an:l linoleic acid 
interactions in the laboratory rat have used natural lipid sources 
which contain many substances that can interfere with the experilrental 
treat:Irent arrl univariate statistics which do not consider the overall 
effect of the dietary treat:Irent. 'Ihe investigation described herein 
has eliminated these experimantal problems by usi.n; purified linoleic 
acid an:l multivariate statistical techniques to aa:::ess the overall 
effect of the dietary treat:Irents. 
-------------------------
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aJAPI'ER III 
L'esign 
A ran:lanized block design, based on initial l:x:xly weights, 
invol vinJ a 22 factorial treatment arran;enent was used in this study. 
Factors included two levels of zinc (1. 5 wn an:i 40 ppn) arxi two levels 
of linoleic acid (0% ani 2% of total dietazy calories). Repeated 
IOOaSUI'elOOl'lts of the criteria evaluated were inco:rporated into the 
~iinent, arxi the experi.nental Fha5e consisted of 4 test diets which 
were fed to 24 rats for 33 days. 
Diet Ogmposition 
'!he basic :in;redients of the experllrental diets used in this study 
consisted of carbohydrate!, 73. 0%; protein2, 14. 6%; palmitic acid3, 
(3.5% or 4.0%); linoleic acid4, (0.0% or 0.9%); vitarninss, (1.0%); 
1Dextrose mnohydrate, Teklad Test Diets, Madison, 
Wisconsin. 
2Dried egg white solids (80% protein), Teklad Test 
Diets, Madison, Wisconsin. 
~linckrcx:it Incorporated, Paris, Kentucky. 
4pi.sher Scientific, Raleigh, North carolina. 
SAIN-76 vitamin mixture, Teklad Test Diets, Madison, Wisconsin • 
. - -···-----~--------------
minerals6, (5%) , am. oonnutritive fiber? (2%) • Pera!ntages of the 
total caloric content of the diets provided by caibohydrate, protein, 
palmitic acid, and linoleic acid were 75%, 15%, 8% or 10%, and 2% or 
0%, respectively. Analysis of the diets revealed that the zinc 
suwlernented diets contained 40 ppn zinc versus 1.5 ppn zinc in the 
l'10Il-5lJI:Plernented diets. 'Ihe linoleic acid Sl.Il=Plernented diets 
contained 85% palmitic acid, 6% stearic acid and 9% linoleic acid 
versus 93% palmitic acid am. 7% stearic acid in the non-supplei!El1ted 
diets. 'Ihe palmitic acid stock was contaminated with stearic acid. 
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Approxilnately 150 mls of distilled/deionized water were added per kg of 
diet in order to reduce the spillage associated with~ diets. 
Four diets were developed as follows: deficient zinc, deficient 
linoleic acid (ZDID); adequate zinc, deficient linoleic acid (ZAID); 
deficient zinc, adequate linoleic acid (ZDIA) ; adeqUate zinc, adequate 
linoleic acid (ZAIA). 'Ihe c:arrposition of all diets, mineral mixture, 
and vitamin mixture are given in Appen:lix A. 
Palmitic acid was used as the base fat soorce because it is a 
principle dietazy fatty acid am. its concentration in various tissues 
is apparently not sensitive to a fatty acid deficiency (Clejan et al., 
1982; Huan:;J et al., 1982; Omnane, Horrobin, & Manku, 1984). Since 
water deprivation has been reported to enhance the effects of a fatty 
acid deficient diet (Holman, 1971), water was not restricted in this 
6wesson Mcxlified Osbome-Men:iel mineral mixture, Teklad Test 
Diets, Madison, wisconsin. 
7AlJ;ilacel, ICN Nutritional Biochemicals, Cleveland, 
Ohio. 
---- ------------- --·-------· 
stuJy in order to decrease the possibility of loss of experimental 
an:ilnals due to the canbined stress of dietary am water deficieocies. 
Anilnals 
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A total of 24 male albino Sprague-rawley rats8, awroximately one 
oonth old, ~in] in weight between 86 am 108 grams (mean 98 g) , were 
used for the stuJy. Upon receipt the anil!lal.s VJere weighed, hoosed .in 
susperxiei netabolic stainless steel cages, am fed the ZDID diet for a 
4 days prelim:inaiy pericxl. 'Ihroughout the experiment all animals had 
free acx:ess to distilled/deionized water. After the prel.imi.nary pericd 
the animals were weighed arrl were ran:lanly assigned to an experimental 
replication by bcdy weight. 'Ihe experimental diets were then assigned 
in a ran:lcmrized block fashion to in:lividual animals. All animals 
SUIVived until the en:l of the experi.Irent. 
Protocol 
Prior to receiving anilrals all equiprrent to be used in the 
experilnent was washed and rinsed with ethylenediaminetetraacetic acid 
(IDI'A). Water jar tops were wrapped .in parafilln, arxi a dust cover was 
fitted arourrl the anil!la1. cages. Glassware that was to be used in 
analytic proce:iures at the en:l of the experiment was acid washed. 
'lhrrughout the ~ilnental pericd cages an:i equiptent were washed 
daily in an att.errpt to reduce enviromental zinc contamination. 
Experinental diets contal..nil'g linoleic acid were kept refrigerated arrl 
were made fresh fNery two weeks. 
~ltznan Cmpany, Madison, Wisconsin. 
------------ ---- -·- ·-- -- -
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On experilllental day 1 the animals were 'Weighed, inspected, an:l 
placed on the experimental diets. 'lhe paws an:lllllSCl.e tone of each 
animal were evaluated, an:l a section of the left him quarter 'WaS 
shave::i on each rat. Since zinc deficiercy is asscx:::iated with 
h~gia (Clejan, et al., 1982), food intake 'WaS recorded daily, an:l 
all anllnals were pair-fed an cmo.mt of food equal to the mean focxi 
intake of the ZDID rats on the previous day. If the ZDID rats consumed 
all of their diet, the arrcunt of food offered on the followin; day was 
increased by 3 graros. In order to equalize food coTlSUllption amon; the 
experimental groups, food intake differences were adjusted between 
experimental days 15 arrl 20 so that all animals in all treatments would 
have equal caloric intakes. 'Ihis adjust:nent was ac:ca1i>lished by 
reducirq the arrnmt of food offered to the animals fe::i the ZAID an:l 
ZAIA diets. As a result of this adjl.JS't::m:mt the effect of diet arrl food 
intake on gi'C1Nth were confCitlMed in anilnals fed the zinc adequate 
diets. 'nle ambiguity associated with diet arrl food intake can be 
el:ilninated by a.sstiitlirg that food intake must be adjusted pericxlically 
to insure isocaloric col15UI!'¢ion for all diets. S\lbseq.lent visual 
inspections am body weight determinations took place rNery 4th 
experimental day. 'Ihe gradin;J systems used to evaluate the 
~/nuJSCle tone am paws of the exper.iJnental an.i.mals is given in 
Tables 1 am 2, respectively. 
On experimental day 2 a bleedi.n:; tiire test was corxructed. 'n1e 
hin::l quarter of the animal which had been shaved the previous day was 
washe::i with soap and water arrl allCMed to dry. A sterile lancet was 
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used to prick the hini quarter, an:1 a step watch was used to record the 
bleed:irq time. 'Whatman number 1 filter paper was used to blot e.vc:ess 
blocxi. When fresh blood no l<nJer stained the filter paper, the watch 
was ~, an:1 the bleed:in; tilre was :recorde:i. SUbsequent bleedin;J 
time determinations were made on experilrental days 12, 22, an:1 32. 
Table 1 
Grading System Used to Evaluate the ~jMuscle 'Ibne of tlle 
Experimental Arrilnals. 
Rati.n; Criteria 
1. Appearance nonnal; finn bcxiy tonus, darrlruff absent, no hair 
loss, tight fitting skin. 
2. Appearance deteriorating; soft bcxiy tonus, slight darxh:uff 
am hair loss, an:1 loose fitting skin. 
3. Appearance dishevelled; flacx:id bcxiy tonus, dan1ruff present, 
losing hair, an:1 excess skin. 
Table 2 
Gradi.n; System Used to Evaluate the Front an::1 :Rear Paws of the 
Experimental Anllnals. 
Rati.n; Criteria 
1 Nonnal; no signs of scalil'¥3', glossing, erythema, cracki.n;J, or 
crusting. 
2. Slight scaliness. 
3. ~finite scaliness, slight erythema an:1 glossi.n;. 
4. ~finite scaliness, erythema an:1 glossi.n;,slight cracking. 
5. ~finite scaling, erythema, glossing, era~, ani slight 
crust:irg. 
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on experimental day 3 awroxinately five units of sodium heparin9 
~ inje.c;ted into the base of the rat's tail. '!he anina.l was allowed 
to rest for 15 minutes. Blocd was cbtained by tail snip, usirq sharp 
scissors, for autarated total leukcx::yte differential am platelet 
c::amts, an:i for a microscopic histochemical blocxl film camt of 
leukcx::yte alkaline };ilosphatase activity. '!he first drop of blocx:i to 
drip fran the anbnal.s tail was blotted with filter paper. 'n1e second 
drop of blocxl was collected on a microscope slide am used for the 
leukocyte alkaline J;ilOS!ilatase activity detennination. SUbsequent 
drops of blocx:i were collected in a test tube containin;J the 
anticoagulant EDrA. 'Ihe blocd specimens were submitted to Humana 
Hospital, Greerl.sboro, N.C. for analysis. Prior to analysis the 
specimens were checked for clots. If a clot was fourxi or if the sanple 
could not be read, the specimen was discarded, am one degree of 
freedom was lost from the statistical analysis. Miss in] values were 
not estimated for statistical J::R.UlXlSeS· 'n1e total number of 
leukocytes 1 granulocytes 1 am platelets am the Jre.ai'l platelet VOlumes 
were detennined usinq an S-PWS Coulter eounterlO. 'Ihe total volume of 
blocx:i intentionally rerccved fran each animal per tail snip was l.i.mited 
to a_wroxilnately 0.5 m1 per 100 grans of body weight (Mitruka & 
Rawnsley, 1981) • SUbsequent blocx:i sanple collections by tail snip were 
taken on experimental days 13, 23, am 33. 
%Ddn-sinn, Inc. Cherry Hill, New Jersey. 
10Coulter COUnter, S-PilJS; Hunana Hospital, Greensboro, North 
carolina. 
---. ------------ ---· ---- -·-
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leukocyte alkaline ~OS{ilatase is fam:i primarily in bam am 
SEgiDented mN ~us am the activity of the enzyne was claiDnstratai by 
si.nul.taneoosly stail'rin3 blocxi films with ~1 am diazonium salts 
tr.hlc:h "Weie pm:hased fran Sigma Diagnostics11• Instructions (.Awentix 
B, Table B-1) for the histochemical semiquantitative demonstration of 
leukocyte alkaline phOSJ;hatase activity in leukocytes -were follONed am 
the methcxi of scoring is given in Table 3. 'Ihe total score was the sum 
of the ratings of 33 lMl ~ls. 
Table 3 
I..eukocyte Alkaline :Ehosphatase Activity Score 
Ratirg Arrount1 Granule Size stain Intensity 
0 None None 
1+ 0-50 Small Faint 
2+ so-so Small z.tx:ierate 
3+ 80-100 Medium to strom 
large 
4+ 100 Medium to Brilliant 
large 
1 Percentage of volume of cytoplasm ocxupied by azo dye precipitate. 
'!he focxi was reirOVed fran all cages on eJq:le!'im=ntal day 33, am on 
day 34 the anllnals were anesthetized with diethyl ether. Blood was 
collected, from each anllnal, in a beaker contai.nill; .5 ml heparin 
11 Sigma Diagnostics, st.I.ruis, Mjssoori. 
---- ·--------------------
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(1000Ujml), by decapitation. '!be blocxl was diluted 1:1 with ~te 
Wffer (Iii 7 .4), mixed, ard plasma was separated fran cells by 
centrifugation. A 1 ml aliquot of plasna was then diluted in 1 ml of 
6% trichloroacetic acid ard .5 ml. of saline. '!be resultin; 1:5 
dilution of plasma was centrifuged ard the zinc ccn:::enb:ation was 
determined by atanic absoiption spectrc:¢otanetcy12 (AAS) • Six 
stan::lard zinc solutions (0.0, 0.05, 0.1, 0.2, 0.3, ard 0.4 ppn zinc) 
were used to calibrate the MS. 
Lipids in a .5 n1l aliquot of diluted plasma were extracted, 
cholesterol was rerocwed, ard the fatty acids were methylated usirq a 
procedure (Appen:iix B, Table &-2) obtained fran the Departm;nt of 
Biochemistl:y, Bavman-<;ray SChool of Medicinel3. 'Ihe methylated fatty 
acids were submitted to Bavman-<;ray for analysis ard were separated 
usin;J gas-liquid chromatography (GI.C) 14 equipped with a flame 
ionization detector ard microprocessor to calculate the peak areas. An 
CN 351, 30 M X 0.25 nM fused silica capillary column15, 1:en'perature 
prograimned fran 165·c, with an initial hold of 4 minutes, to 225"C at 
3 ·c;minute, ard a final hold of 13 minutes was used to separate the 
fatty acid methyl esters (FAMEs). 'lhe column flOVJ was 0.68 nll/minute 
of helium as carrier gas ard the split ratio was 1:99. Identification 
of irxlividual fatty acids was made by cc:mparison of the GLC output with 
12M:xiel Video 12 E, 'Ihenio Jarrell Ash Corp., Waltham, Massachusetts. 
lJwinston-salem, North carolina. 
14varian M:xiel 3700, Varian Corporation, Hooston, Texas. 
15J + W scientific, Rancho Cordova, california. 
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authentic methyl ester starx1ards (~ B, Table B-3}. '!he addition 
of a seventeen carbon saturated fatty acid .int:eznal st:.amam (17:o16} 
made it possible to calculate the parts per million (W!l) of each fatty 
acid present in the sanple. 
'!he testes were :raooved, "Weighed, an:i ashed with nitric an:i 
perchloric acids on a hot plate. 'Ihe ash of each pair of testes was 
dissolved in 3 m1 of 0.6 N HCl an:i diluted to 25 ml.s with deionized 
water. 'Ihe zinc, iron, calcium, an:i man;Ja1'leSe concentration of the 
testes was detennined by AAS. 
statistical Analvsis 
rata collecte:l throughout the experiltental :(ilase were analyzed17 
using fixed effects repeated measures (mn.NOVA), nllitivariate (MANOVA), 
or univariate (ANOVA) analysis of variance nroels. statistical results 
were considered significant if the probability of observing such a 
result urrler the null hypothesis was less than 1 chance in 20. When 
either RMANOVA or MANOVA was erployed, Roy's Maximum Root criterion was 
used to test the hypothesis that the diets had no overall effect on the 
OOse!ved results. 
In general, Roy's MaxiJm.1rn Root Criterion will consider all the 
variables in a m:x:lel sill1ultaneously an:i will reject the hypothesis of 
no overall systematic effect if at least one of the univariate tests 
corxlucted as part of the statistical procedure provides evidence that 
1~~-Prep, Inc. , Elysian, Minnesota. 
17General Linear Mcrlels Proce:iure. SAS Institute Inc., 
cary, North carolina. 
-----------------· ---~----
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the diets have significantly influenced the results (Srivastava & 
Rhatri, 1979}. However, the null hY}Xrl:hesis of no difference anx::>I'l3' 
group mean vectors that is tested in the R1ANOVA am MANOVA procedures 
deperxis on the joint distribution of all the deperrlent variables in the 
:merle! and it is possible that the univariate results may not agree with 
the nmltivariate results. A Bonferroni 95% confidence interval for 
rrean differences was COirpUted for each significant univariate result. 
RMANOVA has been used to answer two general questions in this 
investigation. 'Ihe first question asks if there was any systematic 
change in the dependent variable group mean vectors 011er tiine. In 
order to understand the nature of changes 011er time a least squares 
quadratic ~ession equation was developed to express each dependent 
variable, for each animal, in tenns of tilne. 'Ihe intercepts, linear 
am quadratic coefficients of the individual regression lines were 
then subjected to w.NOVA. 'Ihe MANOVA results were used to 
conceptualize the changes in the deperrlent variable group rrean vectors 
in tenns of the linear and quadratic dbnensions of time. 'Ihe second 
question addressed by RMANOVA asks if the response of the deperrlent 
variables differed depending upon both the diet an::l the point in time, 
durim the experimntal phase, in which data was collected. 
MANOVA was also used to detennine if the response variables differed 
deperrling upon the assigned level of the diet. 
'Ihe assumptions of analysis of variance were accepted based on the 
following considerations (Neter, Wasseman, & Kutner, 1985): Provided 
that non-nonnality of the error distribution is not extreme, the F-test 
28 
is rt::lblst, an::l the mean contrast estil!lates are unbiased. In order to 
test the assliiTq)tion of enor tenn ooz:mality, a coefficient of 
correlation wch relates the residuals to their expected values un:ler 
the assunption of oonnality was cx::cpltej for each variable an::l all 
enor clistril:Jutions were judged ooz:mal. When factor level sanple sizes 
are approxilnately equal, the F-test for the equality of means is only 
slightly affected by unequal error variances. In order to test the 
a.sst.mption of equal error variances the Hartley test statistic (a = 
.01) was CC!lp.l'taJ for each variable, an::l all enor variances were 
judged approximately equal. r:ata sanplin:] periods were selected to 
reduce carey-over effects (thus maximizin:] enor tenn iniepenJence) 
while allov.rin] for an evaluation of the quadratic effects of the 
treatments CNer t.ilre. Missing values were not estimated for 
statistical l'JXPCSeS· Sanple sizes were predetermined by t.~e rn.Il'l'l::er of 
stainless steel cages available for hcusin;J the ~im:mtal animals. 
In addition, the a.ssurrption that food intake nust be adjusted 
pericxticall y to insure isccaloric col1SUI!ption for all diets has also 
been made. 
------------·· -- --·· ···- - . 
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'lbe raw data collected durirq the e.xper:imental ~of this 
rese.ardl is given in Appen:iix c, arrl the statistical analyses of the 
raw data are given in Appen:lices D through F. Since differences aiOC>IY.J 
the e.xperilrental diet groups nrust be denonstrated before the results 
of this investigation can be used to support or refute the hypothesis 
of Bettger et al., (1979), the plasma levels of zinc an:i liooleic acid 
were exaroirlEd to detennine if the diets did significantly affect the 
characteristics IreaSUred in this researdl. 'lhe parameters that related 
to the hypothesis beirq tested were examined next. Finally the results 
relevant to the search for other dietary zinc an:i linoleic acid 
interactions were reviewed. 
Results Relevant to the Experimental Diets 
Plasma Zinc 
Figure 2 illustrates the plasma zinc concentrations that were 
subject to 'MKJVA. Table D-1 in:ticates that the plasma zinc level was 
affected by dietaey zinc (I? <.01) am linoleic acid (!? <.03) but not by 
a zinc X linoleic acid interaction. A test of the nw:an differences 
usirq the Bonferroni procedure in:ticated that rats col'lSlilllin3' the ZA 
(ZAID arrl ZAIA) diets had plasma zinc levels 34 (± stan::lal:d deviation 
of 28) iP11 higher than those coi1Sliiilin:J the ZD (ZDID arrl ZDIA) diets. 
---------------· --- -
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Figure 2. Bar Olart of Mean Plasma Zinc Concentrations. 
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A test of the mean difference associated with linoleic acid 
inli.cated that animals c::ol1Sl.tlilin;J the ID (ZAID am ZDID) diets had 
plasna zinc levels approxilrately 27 (± 27) wn higher than the 
animals c::ol'lSliilli.rg the IA (ZDIA am ZAIA) diets, haolever, the 95% 
confidence :inteival included zero. Includin;J zero in a mean 
difference confidence interval ilnplies that a real difference 
between the means may not exist. Results of ANOVA am Bonferonni 
analysis can differ sorrewhat l:ecause error tenn variance may be 
reduced by incltldirg mre iroepenjent variables in the ANOVA 
m::lel. 
Plasna Fatty Acids 
Figure 3 illustrates the plasma fatty acid means which were 
subjected to~- Results of Roy's Maximum Root criterion 
(Table E-1) inticated that linoleic acid had an overall 
significant effect (~ <.001) on the plasma fatty acid profile. 
Table E-1 am the results of the Bonferroni tests also in:licate 
that plasma linoleic acid concentrations were higher in the 
------------------- --
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Fatty 
Acid 
Diet 
Myristic ZDID ** 
ZAID * 
ZDIA * 
5 
6 
4 
6 ZAIA * 
Palmitic ZDID **************************** 5 
ZAID ************************* 6 
ZDIA ********************************** 4 
ZAIA **************************** 6 
stearic ZDID ********** 5 
ZALD ********** 6 
ZDIA *********** 4 
ZAIA ********** 6 
Oleic ZDLD ********************* 5 
Linoleic 
Eicosa-
trienoic 
Arachi-
donic 
ZALD ******************* 6 
ZDIA ********************** 4 
ZAIA ***************** 6 
ZDID * 
ZALD * 
ZDIA ********** 
ZAIA ******* 
ZDID * 
ZALD 
ZDIA * 
ZAIA * 
ZDID ***** 
ZALD ***** 
ZDIA ****************** 
ZAIA ***************** 
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Figure 3. Bar Chart of Plasma Fatty Acid Means. 
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aniJilals fed the IA (ZDIA am ZAIA) diets as c:xmpared to those fed 
the ID (ZDID am ZAID) diets (p <.001). '!he Eonferroni results 
indicate that animls fed the IA diets had higher plasma linoleic 
acid (by 18 ± 4 wrt) concentrations than arrilnals fed the ID diets. 
Results of this analysis also in:ticate that within this 
experimental design palmitic acid (B <.05) am arachidonic acid 
(p<.001) concentrations resporx1a:l to dietal'y linoleic acid. 
Consunption of the IA diets resulted in a 10 (± 9) wrt higher 
plasma pallnitic acid level a.rrl a 28 (± 7) ppn higher arachidonic 
acid level When c::arpared to ID diet consurrption. 
Table D-2 lists the z.NJVA results for the plasma ratio of 
eicosatrienoic acid to arachidonic acid (trienoic:tetraenoic 
ratio) . Dietary zinc (p <. 04) , linoleic acid (p <. 003) , am the 
zinc X linoleic acid interaction (p <.05) had an effect on this 
ratio. Rats fed the ZD diets had a ratio .11 (± .1) points higher 
than rats fed the ZA diets, am rats col'lSU!llinj the ID diets had a 
ratio .15 (± .1) points higher than those fed the !A diets. 
Investigation of this interaction revealed that When linoleic acid 
was present in the diet the average ratio values were low (ZDIA 
ratio = . 04 ± • 01 a.rrl ZA!A ratio = • 04 ± • 01) , am When the diet 
was deficient in linoleic acid the average ratio values were 
higher (ZDID ratio= .3 ± .17 arrl ZAID ratio= .11 ± .07). 'Ihe 
highest ratio values were associate1 with the ZDID diet Whidl 
sug;Jest that the rats fed the ZDID diets were the most deficient 
in essential fatty acids. 'Ihese results confim the c:bservation 
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of Bettger et al. (1979) that rats e>dlibit an exa<JJerated response 
to a cx:t!i:>ined nutrient deficiency since only the anillla1s cx:nsum:in3' 
the ZDID diets cane close to satisfy~ the Hollnan (1960) criteria 
for EFA deficiency based on the trienoic:tetraenoic ratio. 'lhese 
results also support the observation that deficiency signs can 
develop when ratio values are less than .4 (Huarg et al., 1982). 
:Resu1 ts Relevant to Grc1Wth 
Weight Qlange 
Figure 4 is a bar dlart which lists the nean weight changes 
per diet aver e»ery 4 experinental days. Roy 1 s Maxbmim Root 
Criterion confinns the decrease in weight cllan]e aver tine rn 
<.001) that is suggested in Figure 4 am identifies an overall 
time X zinc interaction (p <.001). 'Ihe time X zinc interaction 
in:ti.cates that the pa:ttem of weight change for the ZD am ZA 
diets were not the same across t.i.ne. ANOVA results in Table F-1 
in:ticate that dietary zinc had a significant effect on weight 
change for experimental days 2-5 (~ <.001), 18-21 (~ <.001), and 
22-25 (p <.02). An interaction between zinc am linoleic acid (p 
<.04) was significant between experi.rental days 26 am 29. 
Investigation of this interaction revealed that the ZAIA ( 2. 6 g) , 
ZDIA (. 6 g), am ZDID (5 g) diets were associated with an increase 
in weight for exper.i.nental days 26-29 but with the ZAID (-3 g) 
diet, weight decreased. 'lhat this interaction occurs at 
experimental days 26-29 suggests the effects of linoleic acid 
deficiency require time to de»elop arrl the weight loss associated 
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Figure 4. Bar 01art of Mean weight Cllan:Jes. 
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23.5 
9.5 
26.5 
5.2 
10.0 
0.6 
6.5 
0.5 
9.6 
8.6 
10.0 
7.3 
6.3 
2.3 
8.6 
0.6 
-9.0 
1.0 
-6.8 
3.5 
7.6 
3.6 
8.6 
5.0 
-3.0 
0.6 
2.6 
-0.8 
-0.6 
0.5 
-1.2 
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with linoleic acid deficiency can not be prevented by 
sut=PlE!lOOlltin;J the diet with zinc. 'lhese results also &q;Jest 
that a sb!W.taneous deficiency of z:in= rra.y ameliorate the effects 
of linJleic acid deficiency. 'Ihe adjustmant in focxi COl'ISUI!ption 
l::let:t.veen days 15 arxi 20 could acx:ount, in part, for this 
interaction. In general, Figure 4 suggests that in this 
investigation the anllnals which were progressively deprived of a 
zinc adequate diet approached a zero weight ~e at al:o.It the 
same rate as anllnals which were consurnin:;J a zinc deficient diet. 
'!he average cl'lan;e in weight per mrit of time was c:atp.Ited 
(Table E-2) for each animal usi.rg quadratic ~ion analysis 
arxi the regzession coefficients were subjected to MANOVA. Results 
of this analysis confirm that the cl'l.an;es in weight approached 
zero after approximate! y 24 days, as suggested in Figure 4, arxi 
that zinc contriliuted to both the linear effect over time (.g 
<.001) arxi the quadratic effect over tine (p <.001). Roy's 
Max:imum Root Criterion confinned that zinc had an overall effect 
on weight change (p <.001) but linoleic acid and the zinc X 
linoleic acid interaction did not affect weight cl'lan3'e. Analysis 
of the linear arrl quadratic effects irilicate that weight d'lall;Je in 
the an.Unals coJ'lSllii1in;J the ZA diets (Equation 1; ZA (Weight Cllarge 
g) = 2.3 + (-2.9 titre) + (. 74 tim;2)) initially decreased mre 
quickly than the weight d'lan;e of animals collSlilllin3' the ZD diets 
(Equation 2; ZD (Weight Change g) = 2.9 + (-1.0 tine) + (.19 
tiJre2)) • Hc:Mever, after 21 days weight cl'lan3'e in the animals fed 
-------------- --·. -~-
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the ZA diets was oore p::lSitive so that by the erx3. of the 
experiltent weight ~e was ~roxbnately equal in all groops. 
Fcxxl Intake 
Figure 5 is a bar chart whidl i.rrli.cates the nean fcxxl intake 
per diet over every 4 experimental days. ~in Table F-2 
i.rxlicates that dietary zinc had a significant effect on fcxxl 
intake at every n-easurement perioo (p <. 04) except days 18-21 
durin] which tbre fcxxl intake was adjusted to equalize constntlption 
am::>n:J treatrrent groups. Roy's Maxinum Root Criterion confinned 
the decrease in focx:i intake over time (p <.001) that is sug;ested 
in Figure 5 an:i identifies an overall tine X zinc interaction 
(:g <. 001) • The presence of a ti.rre X zinc interaction implies that 
the pa:ttenl of focx:i intake was not the same for the ZA am ZD 
diets across tine. 'Ihe adjustment in focx:i a:msunption between 
days 15 arxl 20 could account for this interaction. In general, 
Figure 5 suggests that the IOOan fcxxl intake of ani1nals v.trich 
col'lSUila1 the ZA diets (ZAID = 47 ± 6 g am ZAIA = 47 ± 7g) was 
greater than the animals v.hlch COI'lSUlred the ZD diets (ZDID = 42 ± 
5 g arxl ZDIA = 41 ± 3 g) • 
'Ihe average food intake per unit of ti.rre was CCilTplted (Table 
E-3) for each animal arxl the regression coefficients were 
subjected to MANOVA. Results of this analysis .iroicate that zinc 
had an iimnediate effect on food intake (:g <. 004) since the 
.intercept of the ZA diets (Equation 3 : ZA (Focx:i Intake g) = 45 + 
(-1.95 time) + ( .46 tJ.ne2)) was higher than the intercept of the 
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ZD diets (Equation 4: ZD (Fcx:xi Intake g) = 41 + (-.67 til!e) + 
(. 01 tiJm2) ) • Table E-3 irx:licates an interaction between zincarxi 
linoleic acid contributed to the linear effect of the diets over 
tine rn <.03) arxl that the quadratic effect of the diets over 
tine was affected by zinc (~ <. 008) • Roy 1 s Max:imJm Root 
Criterion confimed that zinc had an overall effect rn <.001) on 
the shapes of the response curves. 
Analysis of the linear results in:licate that aninals 
consuming the ZA diets (ZAIA linear coefficient= -2 arxl ZAID 
linear coefficient = -1.9) decreased their fcx:xi intake at a faster 
rate than animals col'lSUillin;J the ZD diets (ZDID linear coefficient 
= -1.2 arxl ZDLA linear coefficient= -.15). Investigation of 
this interaction revealed that 'When zinc was adequate in the diet 
the slope of fcx:xi intake over time was nore negative than when 
zinc was deficient in the diet. Anirtals consuming the ZA diets 
were pair-fed an anount of fcx:xi equal to that consumed by the 
an:llnals receivin;J the ZDID diet. Since animals fed the ZA diets 
consistently col'l5Ul'!¥:d all their fcx:xi ration, focd restriction 
resulted in a high negative slope for focd intake by these animals 
because the ZDID rats consumed less fcx:xi over time. Anilllals 
consuming the ZD diets were basically fed ad libitum, arxl anil!lals 
fed the ZDID diet decreased their foc:d intake at a faster rate 
than animals consumin; the ZDIA diet. 'lhis interaction suggests 
that a double deficiency which includes zinc (ZDID) will result in 
a mre rapid decrease in focd coi'lSliiTption over tine than will a 
-~---------- ~--~ --
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sin;Jle deficieocy (ZDIA) lrwhlch involves zinc:. Analysis of the 
quadratic effects over time in:ticate that food deprived rats fed a 
ZA diet (quadratic coefficient= .46) will consume mre of the 
food offered to them than will ad libitum fed rats offered an 
equivalent mass of a ZD (quadratic coefficient= .01) diet. 
Food Efficiency Ratio 
'lhe food efficiency ratio (FER = weight c::ban;Je X 100/ food 
intake) was subjected to RMANOVA. 'Ihe results of the FER analysis 
(Table F-3) mirror the weight c.han;e results (Table F-2) because 
focx:l intake was relatively unifonn throughout this experiment. 
Table F-3 .inlicates that dietaiy zinc had a significant effect on 
FER for experinental days 2-5 (B <.004), 18-21 (B <.001) 1 am 22-
25 rn <. 03) • An interaction between zinc arrl linoleic acid rn 
<.03) was significant for experilrental days 26-29. Investigation 
of this interaction revealed the sane pattern noted in the weight 
c.harge data; ZAIA (5. 7) 1 ZDIA (0.3), arrl ZDID (13.0) diets were 
associated with a positive FER between experimntal days 26-29 but 
the FER associated with the ZAID (-6.3) diet was na;ative. Roy's 
Maximum Root Criterion results (Tables F-3) are consistent with 
the results of the weight dlarge analysis (Tables F-2) • 
Results Relevant to Appearance 
Appearance/Muscle Tonus (AMI') arrl Dmnai Lesions 
Figure 6 is bar chart illustratirq the nwaan score per diet 
over every 4 experimental days for a~/I!DJSCle tonus (AMI') 
based on a gross examination of the rats us~ the criteria given 
---------------·· -·· 
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in Table 1. Figures 7 am a list siinilar data based on the 
criteria in Table 2 for front arxi rear paw deimal lesions on the 
~imental animals. '!he results listed in Figures 6-8 iniicate 
that as the e>cperbnent p~ in time the effects of the 
dietary deficiencies became mre acute. 'Ihe »rr scores for eadl 
rat were totalled over the entire experimental period arxi tested. 
Fran Tables C-4, C-5, am C-6 it is awarent that dermal lesions 
am AMI' scores were fairly constant for all groups until late into 
the experiment. 'lherefore, application of R1ANOVA to the 9 time 
pericds would violate the basic asstii!¢ions of analysis of 
variance. Only the later time pericds were tested with analysis 
of variance. A M2lliOVA (Table E-4) was developed based on the 
results of dlecld..nJ the nonnality of the data distributions. 
Results of Roy's Maxilnum Root criterion .in:li.cate that dietary zinc 
had an overall effect on this multivariate m:xlel (~ <. 05) . Table 
E-4 also irxticates that neither dietary zinc or linoleic acid had 
a significant effect on the AMI' scores. HCMever, b::>th zinc rn 
<.05) am linoleic acid (~ <.04) had a significant effect on 
deimal lesions between experimental days 26 and 33. '!he 
Bonferroni test results irrlicate that animals col1Sllllli.rg the ZD 
(3.2 ± 3) am ID (3. 7 ± 2.8) diets had dennal lesion scores higher 
than the animls co~ the ZA or the IA diets respectively. 
40 
---------------- -- ·-·· -- - . 
41 
rays Diets Frequercy Mean 
Score 
2-5 ZDID ************************ 6 1.8 
ZAID ****************** 6 1.3 
ZDIA ******************** 6 1.5 
ZAIA **************** 6 1.2 
6-9 ZDID ******************** 6 1.5 
ZAID **************** 6 1.2 
ZDIA **************** 6 1.2 
ZAIA ************* 6 1.0 
10-13 ZDID ********************** 6 1.6 
ZAID ******************** 6 1.5 
ZDIA ************************ 6 1.8 
ZAlA **************** 6 1.2 
14-17 ZDID ******************** 6 1.5 
ZAID ************* 6 1.0 
ZDIA ******************** 6 1.5 
ZAIA ************* 6 1.0 
18-21 ZDI.D *************************** 6 2.0 
ZAID **************** 6 1.2 
ZDIA ************************ 6 1.8 
ZAlA ****************** 6 1.3 
22-25 ZDI.D *************************** 6 2.0 
ZAID ******************** 6 1.5 
ZDIA ******************** 6 1.5 
ZAIA ****************** 6 1.3 
26-29 ZDID *************************** 6 2.0 
ZAID **************** 6 1.2 
ZDIA ****************** 6 1.3 
ZAIA ****************** 6 1.3 
30-33 ZDI.D ******************** 6 1.5 
ZAID ************* 6 1.0 
ZDIA ******************** 6 1.5 
ZAlA ************* 6 1.0 
0.3 0.6 0.9 1.2 1.5 1.8 
Mean AppearancejMuscle Tone Scores 
Figure 6. Bar Cllart of AppearancejM.lscle Tone Scores. 
------------------- --------
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o:tys Diets Frequency Mean 
SCore 
2-5 ZDID ********** 6 1.0 
ZAID ********** 6 1.0 
ZDIA ********** 6 1.0 
ZAIA ********** 6 1.0 
6-9 ZDID ********** 6 1.0 
ZAID ********** 6 1.0 
ZDIA ********** 6 1.0 
ZAIA ********** 6 1.0 
10-13 ZDID ********** 6 1.0 
ZAID ********** 6 1.0 
ZDIA ********** 6 1.0 
ZAIA ********** 6 1.0 
14-17 ZDID ************ 6 1.2 
ZAID ********** 6 1.0 
ZDIA ********** 6 1.0 
ZAIA ********** 6 1.0 
18-21 ZDID ************ 6 1.2 
ZAID ********** 6 1.0 
ZDIA ************ 6 1.2 
ZAIA ********** 6 1.0 
22-25 ZDID ********************** 6 2.2 
ZAID ********** 6 1.0 
ZDIA ************* 6 1.3 
ZAIA ********** 6 1.0 
26-29 ZDID *************************** 6 2.6 
ZAID ****************** 6 1.8 
ZDIA ****************** 6 1.8 
ZAIA ********** 6 1.0 
30-33 ZDID ****************************** 6 3.0 
ZAID ****************** 6 1.8 
ZDIA ********************** 6 2.2 
ZAIA ************ 6 1.2 
1 2 3 
Mean Front Paw Dermal Lesion SCore 
Figure 7. Bar Olart of Front Paw Dermal Lesion scores. 
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rays Diets Frequercy Mean 
Score 
2-5 ZDID ************* 6 1.3 
ZAID ************* 6 1.3 
ZDIA ************* 6 1.3 
ZAIA ************* 6 1.3 
6-9 ZDID *************** 6 1.5 
ZAID *************** 6 1.5 
ZDIA ************ 6 1.2 
ZAIA ************ 6 1.2 
10-13 ZDID *************** 6 1.5 
ZAID ********** 6 1.0 
ZDIA ************ 6 1.2 
ZAIA ********** 6 1.0 
14-17 ZDID ****************** 6 1.8 
ZAID ********** 6 1.0 
ZDIA ********** 6 1.0 
ZAIA ********** 6 1.0 
18-21 ZDID ************************* 6 2.5 
ZAI.D ************ 6 1.2 
ZDIA ************ 6 1.2 
ZAIA ********** 6 1.0 
22-25 ZDID **************************** 6 2.8 
ZAI.D ************* 6 1.3 
ZDIA ************* 6 1.3 
ZAIA ********** 6 1.0 
26-29 ZDID ******************************** 6 3.2 
ZAI.D ****************** 6 1.8 
ZDIA ******************** 6 2.0 
ZAIA ********** 6 1.0 
30-33 ZDID *********************************** 6 3.5 
ZAI.D ******************** 6 2.0 
ZDIA ***************** 6 1.6 
ZAIA ************* 6 1.3 
1 2 3 
Mean Rear Paw Dermal lesion Score 
Figure 8. Bar C1art of Rear Paw I:ennal lesion Scores. 
------------------------------------
Results Relevant to Reprcrluction 
Testicular Minerals 
Figure 9 identifies the mean testicular c:orx::e.ntrations of the 
minerals which were subjected to muvA. Results of Roy's 
MaX:il!n.nn Root criterion (Table E-5) in:ticate that zinc (B <.002} I 
had an overall significant effect on this llllll.tivariate nroel. 
Mineral Diet Frequency Mean 
Copper 
Iron 
ZD!D *** 
ZAID ** 
ZDIA *** 
ZAIA ** 
ZDLD ********************** 
ZAID ************* 
6 
6 
6 
6 
6 
6 
m::xyg 
dl:y wt. 
15.2 
10.3 
17.3 
12.1 
ZDIA ************************************** 6 
ZAIA **************** 6 
153.9 
100.7 
275.7 
108.9 
Zinc ZDLD ******************** 
ZAID ************************ 
ZDIA *********************** 
ZAIA ************************ 
Manganese ZD!D * 
ZAID * 
ZDIA ** 
ZAIA * 
30 60 90 120 150 180 210 240 270 
Mean Testicular Mineral Concentration 
6 139.3 
6 175.7 
6 161.9 
6 171.7 
6 
6 
6 
6 
3.5 
2.3 
5.3 
2.4 
Figure 9. Bar Chart of Mean Testicular Mineral Concentrations. 
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Table E-5 in:ti.cates that the testicular c:::qper (!;? <.001), iron (!;? 
<. 05) ani man;Ja11eSe (!;? <. 001) c:x>rX::el'ltrations ¥~ere higher in the ZD 
c:xrtpared to the ZA rats. 'Ihe testicular man;Ja11eSe concentration 
was higher in the lA (!;? < • 03) caipared to the ID rats. '!he 
Bonferroni results irxlicate that copper was 5 ppn (± 2.5 f.Pll) , 
iron 110 RJll (± 110 ppn), ani~ 2 R;lll (± .84 ppn) higher 
in the testicles of the rats consttllli.nJ the ZD diets carpared to 
the ZA diets. However, the confidence intel:val for the mean 
difference in iron concentrations include::l zero. Table E-5 also 
irxlicates that within this experim=ntal design the testicular 
~ concentration :resp:lrded to a dietaiy zinc X linoleic 
acid interaction (!2 <.05). Investigation of this interaction 
revealed that when zinc was adequate in the diet the average 
~ concentrations were low (ZAID = 2. 33 ± .18 ppn ani ZAIA :;; 
2. 43 ± • 28 ppn) , ani when the diet was deficient in zinc the 
average concentrations were higher (ZDID = 3.48 ± 1.39 ppn ard 
ZDIA = 5.27 ± 1.42 ppm). Figure 10 illustrates this interaction. 
Man;rcmese 5 IA 
Concentration 
4 
(ppn) ID 
3 
IA 
2 ID 
1 
ZA ZD 
Diet status 
Figure 10. Interaction of zinc ard linoleic acid on testicular 
~ concentration. 
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'nle highest manganese concentrations were associated with the 
ZDIA diet whlch may suggest that in this e>cper:ilnental design IA 
made it possible to synthesize steroids at a oomal rate an:l ZD 
nade it recessary to substitute manganese for zilx:. 
Results Relevant to the Search For Additional Zinc an:l Linoleic 
Acid Interactions 
Total I.eukocvte Count (WBC) 
Figure 11 is a bar chart v.hich lists the rrean total leukocyte 
counts per diet fNery 10 experi.mmtal. days that were subjected to 
R-!ANOVA. Table F-4 in:licates that dietary zinc had a significant 
effect on experim=ntal day 23 (I:? <.02) an::i Roy's MaXbnum Root 
Criterion confirned that the WBC decreased aver time (I:? <.001) as 
suggested in Figure 11. 'nle average decrease in WBC per unit of 
time was c::anp.rt:.ed for each anllral an::i the regression coefficients 
(Table E-6) were subjected to MANOVA. Results of this analysis 
irxticate zo (Equation 5; zo (WBC X lo3;mm3) = 11.5 + (-.88 time) 
+ ( .29 time2)) had an ilmnediate effect (:g <.005) on the total 
leukocyte count since the intercept associated with the ZD diets 
was 3.39 (± 2.3) higher than the intercept for the ZA (Equation 6; 
WBC X lo3;mm3) = 8.2 + (-1.53 time) + (1.39 time2)) diets. 
Table E-6 also inlicates that zinc contributed to the quadratic 
effect aver time (I:? <.03) an::i that Roy's MaxiJnum Root Criterion 
confinned zinc had an overall effect (:g <. 03) • Analysis of the 
effect aver time in:licates that anilnals col'lSl.li!lin3' the ZA diets 
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ray 
3 
13 
23 
33 
Diet 
ZDID 
ZAID 
ZD!A 
ZAIA 
ZDID 
ZAID 
ZD!A 
ZAIA 
ZDID 
ZAID 
ZD!A 
ZAIA 
ZDID 
ZAID 
ZDIA 
ZAIA 
*************************** 5 
************************* 5 
***************************** 5 
***************************** 5 
*********************** 5 
****************** 5 
*********************** 5 
******************* 5 
******************** 5 
************** 5 
********************* 5 
************** 5 
********************* 5 
***************** 5 
******************** 5 
******************* 5 
2 4 6 8 10 12 14 
Mean Total I..eukocyte COlmts 
Figure 11. Bar Chart of Mean Total I..eukocyte Comlts 
13.48 
13.96 
14.48 
14.46 
11.66 
9.58 
11.58 
10.32 
10.96 
7.44 
10.44 
7.40 
11.26 
8.60 
10.44 
9.68 
temed to have lower leukocyte counts ~ to an.iirals fed the 
ZD diets for the first 23 days of the ~inlmt. After 
experilrental day 23 leukocyte counts .in animals a:>!lSUill:ing the ZA 
diets increased rapidly so by ~inaltal. day 33 the total 
leukocyte co.mt was approxilna.tely equal for all treatll'ent groups. 
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Absolute Granulocyte count {:Rt!N) 
Figure 12 is a bar chart which lists the IIea.'l'l absolute 
grarrulocyte eotmts per diet every 10 experimental days that were 
subjected to R-1ANDVA. Table F-5 in:ticates that dietcny zinc had a 
lliy Diet Frequency Mean 
103jlmn3 
3 ZDID ******************** 4 5.31 
ZAID ****************** 5 4.83 
ZDIA *********************** 4 6.15 
ZAIA ******************************** 5 8.34 
13 ZDID ***************** 4 4.51 
ZAID ********** 5 2.35 
ZDIA ********************** 4 5.68 
ZAIA ********** 5 2.43 
23 ZDID ********************* 4 5.21 
ZAID ******* 5 1.74 
ZDIA **************** 4 4.33 
ZAIA ********* 5 2.13 
33 ZDID ***** 4 1.42 
ZAID **** 5 1.19 
ZDIA **************** 4 4.34 
ZAIA ********* 5 2.15 
1 2 3 4 5 6 7 8 
Mean Absolute Granulocyte Cotmt 
Figure 12. Bar Olart of Mean Absolute Granulocyte Cotmts. 
significant effect on the FMN on experilllental days 13 (p <. 03) arrl 
23 (R <.03) ani that Roy's Maxinlum Root Criterion confim:d that 
FMN decreased over time (12 <.001) as suggested in Figure 12. 'Ihe 
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average dec:rease in the H1N per mri.t of time was carp.rt:ed for each 
animal am the regression coefficients (Table E-7) ~ subjected 
to MANOVA. :Results of this analysis i.rxticate ZD (Equation 7; ZD 
(mN x 1o3;mm3) = 4.5 + (-.16 time) + (.01 tiJne2) had an 
imle:tiate effect (~ <.003) on the al::solute granulocyte count since 
the intercept associated with the ZD diets was 2.4 (± 1.5) higher 
than the intercept for the ZA (Equation 8; mN X 1o3;mm3) = 2.1 + 
(-1.4 tim;) + ( .8 ti.ne2)) diets. Table E-7 also in:licates that 
zinc contr:iJJuted to a linear effect over tim; (~ <. 03) arxi that 
Roy's Maximum Root Criterion confizm=d zinc had an overall effect 
rn <.007) on absolute granulocyte ro.mt. Analysis of the linear 
effect over tine in:ticates that the :fMN count was decreased in the 
animals COl1SUlllin; the ZA diets (slope = -1.4) at a faster rate 
than animals constii!1in:r the ZD diets (slope = -.16). Table F-5 
in:licates that by experimental day 33 the absolute granulocyte 
counts of the treabnent groups were not significantly different. 
Platelet Count (Pltl 
Figure 13 is a bar chart which illustrates the mean platelet 
counts per diet every 10 experilrental days that were subjected to 
mANOVA. Table F-6 in:licates that the platelet ro.mts resp:>rrle::l 
to a zinc X linoleic acid interaction on experim;ntal day 3 (~ 
<.02) but by experilrental day 13 the interaction had dissolved 
into a main effect for zinc (p <.06) arrl a main effect for 
linoleic acid(~ <.05). Investigation of the zinc X linoleic acid 
interaction that occurred on experim;ntal day 3 reveale::l that when 
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!lay Diet 
103/lllm3 
3 ZDID *************** 2 696 
ZAID ******************** 5 1014 
ZDIA *********************** 3 1357 
ZAIA ***************** 4 884 
13 ZDID ************************* 2 1435 
ZAID ********************* 5 1135 
ZDIA ********************* 3 1116 
ZAIA ****************** 4 926 
23 ZDID ***************** 2 847 
ZAID ***************** 5 866 
ZDIA *************** 3 784 
ZAIA **************** 4 820 
33 ZDlD ******************** 2 962 
ZAID ******************* 5 944 
ZDIA ************** 3 626 
ZAIA ***************** 4 872 
400 800 1200 
M;an Platelet camts 
Figure 13. Bar Cl1art of Platelet Counts. 
zinc was present in the diet the average ZA platelet counts ( ZAlD 
= 1015 arxl ZAIA = 884) fell between the m;.an platelet counts 
associated with the ZD diets (ZDID = 697 arxl ZDIA = 1357). '!his 
result suggests that a double deficiency (ZDID) will depress the 
platelet count but a relative excess of linoleic acid (ZDLA), 
after a 7 day pericd. of linoleic acid deprivation (4 days 
preliminaiy pericd. plus 3 experimental days), will cause the 
l1lllilber of platelets in the tip of a rats tail to increase. 
Figure 14 illustrates the zinc X linoleic acid interaction in 
platelet counts on experiirental day 3. 
50 
1400 
IA 
Platelet 1200 
Coont 1000 ID 
IA 
103/~ 800 
ID 
600 
ZA ZD 
Diet Status 
Figure 14. Interaction of Zinc aJ'Xi Lin::>leic Acid on Platelet 
ca.mts on Experi.n¥mtal Day 3. 
Analysis of the marginally significant main effects on 
experim=ntal day 13 in::ticate that the average platelet count of 
the anllnals fed the ZDID diet had increased, which el.inrlnated the 
zinc X linoleic acid interaction, am resulted in higher platelet 
cnmts in the ZD (rean = 1275) am ID (mean = 1285) diets 
c:x::mpared to the ZA (mean = 1031) am IA (mean = 1021) diets. 
Roy's Maximum Root Criterion (Table F-6) irrlicated that t.iire 
(B < .01), time X linoleic acid (B <.03) am time X zinc X 
linoleic acid (B < .06) had an overall effect on the platelet 
count. In order to investigate the overall effect t.iire had on 
platelet counts the average c::han3'e in platelet c::ount per tm.it of 
time was canputed for each animal arrl the regression coefficients 
(Table E-8) were subjected to MANOVA. Results of this analysis 
in::ticate neither zinc or linoleic acid could account for the 
overall effect of time which suggests that the mean platelet 
coonts dlarge over t.iire .in:iepen:lent of zinc am linoleic acid. 
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Investigation of the time X liroleic acid interaction 
revealed that the platelet camts of rats fed the IA diets ~ 
initially higher tllan the platelet camts of the rats fed the ID 
diets. '!here was a pioqressive decrease in the platelet counts 
of IA rats over time but a tendency for the platelet counts of the 
ID rats to increase an:i then decrease. '!his result suggests that 
a greater number of platelets were required to stop bl~ in 
rats fed the ID diets. A marginally significant time X zinc X 
linoleic acid interaction (Figure 15) suggests that the pattern of 
platelet counts was not the sane for all the diets across time. 
Figure 15 also suggests that the int:erpretation of the time X 
linoleic acid interaction could be exterrled to include both ZD an:i 
IDdiets. 
1000 
Platelet 950 
COUnt 925 
lo3;mm3 900 
ID ID 
IA 
875 IA 
ZA ZD 
Diet status 
Figure 15. Interaction of Zinc an:i Linoleic Acid on Platelet 
Counts Averaged OV'er the Entire study. 
AWarentiY consurni.n;; either the ZD or the ID diets will increase 
the rn.nnber of platelets required to stop bleedin3' caused by the 
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experimental treat:l'lelts. In general these results stggeSt that 
both zinc am linoleic acid are necessary for cptimJm platelet 
furx::tion. 
Mean Platelet Volune <MPV> 
Figure 16 is a bar chart 'Whidl illl.lStiates the MP!Js per diet 
every 10 experirental days that~ subjected to~. Table 
F-7 in:ticates that the MPV :respa1 rled to a linoleic acid main 
effect on ~imental days 23 (p <.005) arxl 33 (p <.005). 
Analysis of the linoleic acid effect usinj a Bonferroni 95% 
confidence interval revealed that rats fed the lD diets had larger 
platelet volumes on both experimental days 23 (.41 ± .25) am 33 
(.34 ± .24) conpared to the animals fed the IA diets. 
Roy's Maxim.nn Root Criterion (Table F-7) imicated that tine 
(p <. 003) had an overall effect on the MPV. 'Ibis effect was 
investigated by calculatin3' the average change in MPV per tmit of 
tine for eadl. aninal. am subjectl.n; the regression coefficients 
(Table E-9) to MANOVA. Results of this analysis in:licate that 
linoleic acid had a significant effect on the linear d'lan;Jes in 
MPV (p <.04). Analysis of the linear result :i.n:ticates that the 
M?l of rats fed the ID diets (Equation 9; ID (M?l) = 7 + (-.1 
tine) + (-. 003 ti.J.re2)) decreased at a slower rate than the MPIJ of 
rats fed the IA diets (Equation 10: IA {M?J) = 6.9 + (-.22 tine) + 
(-. 029 tine2) ) • Further investigation revealed that the linear 
slope of the CUIVe associated with the ZDID diet (slope = -.03) 
was less negative than the linear slope of the ZAID diet 
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ray Diet Frequerx:y Mean 
fL 
3 ZDID *********************************** 2 7.01 
ZAID ************************************ 5 7.28 
ZDIA ************************************ 3 7.23 
ZAIA ************************************ 4 7.23 
13 ZDID *********************************** 2 7.02 
ZAID *********************************** 5 7.06 
ZDIA ********************************** 3 6.77 
ZAIA ********************************** 4 6.83 
23 ZDID *********************************** 2 7.00 
ZAID *********************************** 5 6.92 
ZDIA ******************************** 3 6.53 
ZAIA ******************************** 4 6.53 
33 ZDID *********************************** 2 7.00 
ZAID ********************************* 5 6. 70 
ZDIA ******************************** 3 6.37 
ZAIA ******************************** 4 6.50 
1 2 3 4 5 6 7 
Mean Platelet Velure 
Figure 16. Bar Chart of Mean Platelet VolU!!eS. 
(slope= -.17). 'Iberefore, this result irrlicates that the MPV of 
rats fed the double deficiency diet {ZDID) was more stable over 
tbtw: c::atpared to the MPV of rats fed the other ~im:mtal diets. 
leukocyte Alkaline Fhespha.tase (lAP) 
Figure 17 is a bar chart which illustrates the IAPs per diet 
evert 10 ~im=ntal. days that were subjected to~. Table 
F-8 irrlicates that linoleic acid had an inunediate main effect on 
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ray Diet 
3 ZDLD ************************** 5 23.6 
ZALD *************************** 6 26.7 
ZDLA ***************************************** 6 41.3 
~ ************************************* 6 37.0 
13 ZDLD ******************************* 
ZALD ***************************** 
ZDLA ******************************* 
~ *********************************** 
23 ZDLD ************************** 
ZALD *********************** 
ZDLA ****************************** 
ZALA ************************* 
33 ZDLD ************************************* 
ZALD ******************************** 
ZDLA ************************************* 
ZALA ************************************* 
5 10 15 20 25 30 35 40 
5 
6 
6 
6 
5 
6 
6 
6 
5 
6 
6 
6 
Mean leukocyte Alkaline RlOSlilatase Score 
30.6 
28.5 
30.8 
35.3 
26.4 
22.5 
30.3 
25.0 
38.2 
32.7 
38.0 
37.5 
Figure 17. Bar <llart of Mean Leukocyte Alkaline Rlosphatase 
Scores 
lAP scores (!? <.003), but this effect was not sustained. Analysis 
of the linoleic acid effect on ~imental day 3 revealed that 
rats fed the !A diets had higher lAP score (13.9 ± 8.5) a:upared 
to the animals fed the ID diets. 
Roy's Maximum Root Criterion (Table F-8) .in:licated that tbne 
(p <.003) had an overall effect on the lAP scores. '!he tbne 
effect was investigated by calcul.atinJ the average cllange in lAP 
score per unit of time for each animal arxl subjecting the 
regression coefficients (Table E-10) to MANOVA. Results of this 
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analysis i.rxticate that lirx>leic acid had a significant effect on 
the linear dlan;Jes in IAP scores (I! <.03). Analysis of the linear 
results i.rxticate that the lAP scores of rats fed the IA diets 
(Equation 11; IA (IAP) = 29.4 + (-.97 til'!le) + (4.0 tme2)) 
decreased slightly as the eJq:eriment progresse::l in contrast to an 
increase in lAP scores in the aniinals fed the ID diets (Equation 
12; ID (IAP) = 26.3 + (3 titre) + (2. 73 tiJDe2)). 
Bleeding Time CBI'l 
Figure 18 is a bar chart whlch illustrates the BI's per diet 
every 10 experilnental days that were subjected to RviANOVA. 
ray Diet Frequency Mean 
secorxis 
2 ZDLD ************************************* 6 70 
ZALD ************************************* 6 71 
ZDIA **************************** 6 56 
~ ************************************ 6 69 
11 ZDLD ******************** 
ZALD ********************* 
ZDIA ********************** 
ZALA ************************** 
22 ZDLD ***************** 
ZALD ********************* 
ZDlA *************************** 
~ ********************* 
33 ZDLD ************** 
ZALD ******************* 
ZDIA ******************* 
ZALA ************** 
0 10 20 30 40 50 60 70 
Mean Bleedin;J Time 
Figure 18. Bar <llart of Mean Bleedin:;J Tine 
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Table F-9 inlicates that COJ'lSl1llli.rx the e>q:erbnental diets did oot 
result in a significant difference in Bl'. Roy's Maxi.num Root 
Criterion (Table F-9) irdicated an overall time effect (p <.001) 
on the blee:ili'g tile;. '!he time effect -was investigata:i by 
calrul.atin:] the average chan;Je in BI' per unit of time for each 
arilinal am subjecting the tegression coefficients (Table E-ll) to 
MANOVA. Results of this analysis inlicate neither dietaiy zinc or 
linoleic acid could account for the overall effect of time on the 
mean BI' of aniJnals in this investigation whidl suggest that the 
mean Brs charged over time irx:leperrlent of zinc am linoleic acid • 
57 
. .. -········--~--------------~~--- -- ·-- --· 
CHAP1'ER v 
DISaJSSION 
'Ihe p.1I'pOSe of this study was to investigate the interaction 
of dietacy zinc am linoleic acid in the Sprague-IBwley rat, arrl 
to identify the approxilllate times durin; the ~iment when 
interactions can be detected. Although rats "Were used as the 
experimental m:xiel, an urxierstamin;J of the IOOChani.sms uroerlyin:1 
a zinc X linoleic acid interaction could have inplications for the 
treatnw:mt of various diseases that plague man includ:i.n;: heart 
disease (Huarl;J et al. 1 1982) 1 acrodennatitis entropathica1 
diabetes, anorexia nervosa, arrl the glucagoncma syrximne (Horrobin 
et al. 1 1980). After Bettger et al. (1979) hypothesized that 
dietazy zinc arrl linoleic acid interact netabolically 1 many 
researchers investigated the possibility that a decrease in the 
activity of delta-6 desaturase was the priroary biochemical lesion 
responsible for groot:.h retardation arrl teratogenesis associated 
with zinc deficiency (Dreosti et al. 1 1985). Honobin et al. 
(1980) reviewed the evidence for an interaction between zinc arrl 
the essential fatty acids an:i concluded that substantial support 
for an interaction exists, J:ut the nature of the interaction was 
not easy to urrlerstarrl. Fogerty, Ford, Dreosti, arrl Tinsley 
(1985) carpared the results of several investigations which 
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deoonstrated that zinc deficierq, re:luced food intake, type of 
tissue (maimllaiY, testis, or liver), type of ~ stmy 
(fatty acid CCII!pOSition or enzyme activity) and lipid fraction 
(~lipid or neutral lipid) awarent!Y influerre delta-6 
desaturase activity and corx:luded that the role of z~ in fatty 
acid metalx>lism was still an enigma. Since ~iments whidl 
at:te.npted to identify the m::>st likely pr.imal:y biochemical lesion 
associated with a zinc deficiency have yielded equivocal results, 
a general approach for identifin;J possible zinc X linoleic acid 
interactions patterns was urxiertaken in this investigation. 
~ has been used to answer two general questions in this 
investigation. 'Ihe first question asks if there were arrt 
systematic ~es in the depenjent variable group mm vectors 
over tilte. 'Ihe results iniicated that every deperrlent variable 
subjecte:l to ~ changed over tine. In general, the tim: 
effect identified by RMANOVA was due to an overall effect of 
dietary zinc, although dietary linoleic acid did have a narginally 
significant effect on leukocyte alkaline !ilOSFtatase scores. 
retectin;J a systematic main effect across tilre would inply that a 
fun:1anental relationship exi.ste:i between a variable which has 
been nani:p.llated and a pararreter wch has been neasured. 
In this investigation the coJlS\lll'¢ion of a zinc adequate diet 
was associated with systematically increased food intake and 
\¥eight gain, but decreased total leukocyte and absolute 
granulocyte ro.mts. 'lhese main effects are well established in 
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the nutrition literature. 'lhe pJrp:Se of this sb.xiy was to 
detennine if zinc an:i linoleic acid systenatically interact 
across tire. Further analysis of the tire effect revealed no 
overall patterns of zinc X linoleic acid interactions in the 
deperxient variables subjected to ~. Detectin:J a systematic 
interaction over til!le woold inply that food intake, weight c:han;Je, 
an:i the total leukocyte an:i absolute granulocyte co.mts depemed 
upon particular canbinations of zinc ani linoleic acid in the 
diet. 'lhe fact that interactions across tilne were not detecte:i 
suggests that other dietary amjor !ilysiological factors, in 
addition to the canbinations of zinc an:i linoleic acid used in 
this exper.llnent, control the systematic response of these 
para100ters in the laboratocy rat. '!he changes over tilne obsel:ved 
in platelet counts, mean platelet volumes, an:i in bleec:li.n; times 
were not associated with the dietary treatrre.nts arrl probably 
reflected no:rnal !Xlysiological c:::l'lanJes. 
'lhe secorrl question addressed by ~ asks if the 
responses of the d~ent variables differed depen:linJ upon both 
the assigned level of diet an:i the point in tilre, duri.rg the 
experllnental }:ilase, in which data were collected. '!he results 
irxlicated that the group mean vectors of weight cl1aJBe, food 
intake, arrl FER were influenced by an overall tble X zinc effect. 
Detectln:J significant differences, therefore, depenied upon 
sanplirg at specific times durirl] the experim::mt. Bettqer et al. 
(1979) foorrl a univariate zinc X EFA interaction in weight ~e 
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after 35 days. In this investigation a univariate zinc X 
linoleic acid interaction develcped after 26-29 days (Table F-1). 
'nlerefore, in this investigation the Bettger et al., (1979) 
hypothesis that grCMth in rats is affected by a zin:: X liooleic 
acid interaction was Sl.JR)Orted by tmi.variate analyses, rut the 
interaction was not stron;; encu::Jh to cause significant 
multivariate results. Results of the ~ght c:han;}e analysis 
support the observation by Omnane et al., {1984) that oore than 
21 days were required to develop the effects of zinc am essential 
fatty acid on the grCMth of rats. 'lhe results also in:licated that 
a zinc X essential fatty acid interaction will develop in less 
than 42 days as suggested by Krammer et al. {1984). 
In tenns of the possible relationship of zinc to 
physiological function illustraterl in Figure 1, the results 
associaterl with weight change am FER (as irrlicators of growth) 
suggest that possible times for detecting a zinc effect may be 
between experimental days 2-5, 18-21, am 22-25. 'lhese intervals 
support the observation that zinc exerts a cyclic effect on 
weight d"lange am suggest that as the deficiency progresses in 
tine the cycles len:Jthen. Analysis of the feed intake results 
suggests rats fed the ZD diet will co~ less focd as an 
~inent progresses. When an ~inent includes both ZA am 
ZD diets, focd intake can on1 y be kept equal if the rats consuming 
ZA diets are staived. 'lherefore, when the effects of consuming a 
ZD versus ZA diet are evaluated, the actual carq:arison is between 
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the effects of ZD am staNa.tion. Neither zin::: deficiency oor 
staivation had an easily identifThle affect on the plasma fatty 
acid profile used in this investigation. Based on mANDVA 
analysis the plasma fatty acid profile was altered prinarily by 
dietaiy linoleic acid ani only IDal'g'inally altered by the zinc 
concentrations in the diet. 'lherefore, the results of this study 
:inply that neither zinc deficiency, as SUC}';)ested by Omnane ani 
Horrobin (1985) nor reduced focxi intake (staivation), as suggested 
by Kramrrer et al. (1984), has a strong influence on delta-6 
desaturase which ne:liates the conversion of linoleic acid to 
arachidonic acid. 'lhese results leave open the possThility that 
zinc influences other desaturases that are involved in the 
conversion of linoleic acid to higher harologues. 
A IOCX:lification of the feedinj procedure used by Clarke et al. 
(1977) was used in this study ani resulted in the detection of 
significant zinc X linoleic acid interactions in platelet counts. 
Basically, the diet feedin; protocol required that rats consume an 
essential nutrient deficient diet (ZDLD) for a few days foll~ed 
by suwlenentation of the deficient nutrients (ZDIA, ZAID, ani 
ZAIA). 'Ihe feeding procedure specifically ~zes the 
possThility that 'steady states' of metabolic activity can be 
established within days after an essential nutrient is withdrawn 
then introduced into a diet. Introducin;J the deficient nutrients 
into the diet after the animals had been fed a zinc deficient diet 
duri.rg the preliminary }i1ase resulted in an overall tiloo X 
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limleic acid interaction an:i a tilDe X zinc X limleic acid 
interaction in the platelet count groop mean vectors. In terms of 
Figure 1 the resu1 ts sugJest that the cptim.mt tilDe for detectin;J a 
limleic acid effect on the platelet count may be arcAli'Xi 
~imental day 13. 'lhe c¢ilm.mt time for det:ectii¥} a z.inc X 
limleic acid effect on the platelet counts may be arcAli'Xi 
~imental day 3 given the protocol followed in this study. 
MANOVA was used to deteJ:mine if the responses of the 
deperrlent variables differed deperrling upon the assigned level of 
zinc an:i linoleic acid. 'Ibe results irxiicate that dennal lesion 
scores an:i testicular mineral concentrations, but not 
appearance/nruscle tonus scores, were affected by the level of zinc 
col'lSlDOOd in the diet. 'Ihe results also irxlicate that both zinc 
an:i linoleic acid exert main effects on p:~.w demal lesions in the 
rat. However, an interaction was not fourrl in the dennal lesion 
scores, so the results of this investigation do not support the 
Bettger et al. (1979) hypothesis that dennal lesions in the rat 
are affected by a zinc X limleic acid interaction. It is noted 
that in the original article by Bettger et al. (1979) the 
hypothesis of a zinc X essential fatty acid interaction on growth 
an:i in arachidonic acid zretabolism was based on a statistical 
analysis of the data. HC1w'ever, the hypothesis that skin lesions 
respond to tmique canbinations of zinc an:i essential fatty acids 
in the diet was based on a subjective i.nteipretation of the data. 
Results of this investigation suggest that within 33 days dennal 
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lesions in the rat do not develop as a result of a zin:: X 
essential fatty acid interaction. 
Dietary zinc exerted an overall effect on the testicular 
mineral profile. A marginally significant overall zin:: X linoleic 
acid interaction was also detected. '!he univariate results 
inlicate that both zinc am linoleic acid exert main effects on 
the concentration of testicular ma.n;anese. Results of this 
investigation in::licated that consunption of the experimental diets 
for 33 days result in a zinc X linoleic acid interaction which 
will influence the concentration of ma.n;anese in the testes of the 
rat. 'Ihis interaction supports the obseivation of Roth am 
Kirchgessner (1977) that short tenn zinc deficiency will cause the 
ma.n;anese concentration in sare tissues to in::rease. 'Ihese 
results also support the Bettger et al. (1979) hypothesis that 
zinc arrl linoleic acid interact in the reprOOt.lctive organs of the 
rat. 
Mi\NOVA was also applied to the variables included in the 
plasma fatty acid profile. In addition to the overall effect of 
linoleic acid, zinc and the zinc X linoleic acid interaction had 
marginally significant overall effects on the fatty acid profile. 
An overall multivariate effect of zinc am linoleic acid on a 
plasma fatty acid profile has not been previously reported in the 
literature. 'Ihese results suggest that the decision to use 
p.Irified fatty acids rather than natural fat sources optimized 
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the char¥::e of detec:tin;J zin= am linoleic acid interactions in the 
laboratory rat. 
In general, the results of this investigation indicate, as 
Horrc:i>in et al. (1980) have observed, that Sl..lh;tantial SUfPOrt for 
a dietary zinc X linoleic acid interaction exists, blt the nature 
of the interaction is not easy to un::ierstan:l. 'Ihis investigation 
atte!tpted to discem an over all pattern in zinc X linoleic acid 
interactions by observing the number, volume, concentration or 
~ of selected physiological variables arxi characteristics 
in YOllll:J rats fed diets with am without zinc am linoleic acid. 
Although consti!!ption of the experimental diets did result in zinc 
X linoleic acid interaction in the laboratory rats, a clear 
pattem to the interactions did not emerge. 
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'lbe results of this study &WOrt the hypothesis that dietary zinc 
an:i linoleic acid interact in the laboratory rat. 'lbis investigation 
has identified grt:Mth, testicular man;rcmese, platelet count, an:i the 
plasma fatty acid profile as !ilysiological parameters that respooo to a 
zinc X linoleic acid interaction. In addition, the time element 
associated with the onset of a dietary interaction in weight change and 
platelet count has been approximated. 'Ihe results of this study 
suggest that the sinrl.larities of the skin lesion signs that develop 
when either zinc or essential fatty acids are deficient in the diet of 
a weanlinj rat do not necessarily iinl.y that these nutrients interact 
retabolically. 'lbe results also suggest that zinc deficiency an::i 
reduced food intake (staJ:vation) had o:::arparable affects on the plasma 
fatty acid profile used in this study. 
Future investigations should focus on developinj diets that 
contain the maxim.Irn airOUnt of zinc an:i linoleic acid which will 
reliably produce deficiency signs when consumed by rats, an:i on 
developin;J reliable non-tra1.1Ilatic rethc:xls for blood collection. More 
reliable diets arrl blood collection techniques may allow for a nore 
CCII'prehensive exploration of the mechanisms responsible for the 
nutrient interactions. 
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APPENDIX A 
cx:ma:;ITION OF 'IHE EXPERIMmrAL DIErS 
Table A-1 
catp:lsition of Experimental Diets. 
Constituen& Dietb 
ZDID ZDIA ZAID ZAIA 
g,lkg 
rextrcse mnahydrate 730 730 730 730 
Dried egg white solids 146 146 146 146 
Pallnitic acid 44 35 44 35 
Linoleic acid 0 9 0 9 
Mineral mix 50 50 50 50 
Vitamin mix 10 10 10 10 
Alphacell 20 20 20 20 
Zinc sulfate 0 0 O.lc 0.1 
alSO ml distilled/deionized water added per kg of diet. 
boiets were isocaloric at approximately 3. 9 Kcal/g 
(calculated). Namenclature for diet designation: 
zinc (Z) 1 linoleic acid (L) 1 adequate (A) I am 
deficient (D) • 
Cyields 40 ppm Zinc. 
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Table A-2 
ca;position of Mineral Mix, Wesson M:xlified Osbome-Merrlel a 
Constituents 
calcium carbonate 
CoWer sulfate-S H2o 
Ferric~te 
~sulfate (anhydrous) 
Magnesium sulfate (anhydrous) 
Potassium aluminum sulfate 
Potassium chloride 
Potassium dihydrogen phosphate 
Potassium iodide 
Sodium chloride 
Sodium fluoride 
Tricalcium phosphate 
Clrrekl.ad Test Diets, Madison, Wisconsin. 
21.000 
.039 
1.470 
0.020 
9.000 
0.009 
12.000 
31.000 
0.005 
10.500 
0.057 
14.900 
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Table A-3 
carposition of Vitamin Mix, AnP 
Constituents 
'Ihiamin HCL 
Riboflavin 
Pjridoxine HCL 
Niacin 
calcium pantothenate 
Folic acid 
Biotin 
Vitamin BJ_2 (0.1% trituration in mannitol) 
Vitamin A PalJnitate (500,000 Ujg) 
Vitamin 0:3 trituration (400,000 U/g) 
Vitamin E acetate (500 Ujg) 
Menadione 
SUcrose, finely pat.tiere:i 
atrekl.ad Test Diets, Madison, Wisconsin. 
0.6 
0.6 
0.7 
3.0 
1.6 
0.2 
0.02 
1.0 
0.8 
0.25 
10.0 
0.005 
981.225 
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Table B-1 
Procedure for the Preparation of Bloc:xi Fi.lJDS for the Histochemical 
Sellliquantitative Denonstration of Alkaline ~tase in I.eukocytes 
(Procedure 86-R'l). 
1. Fix slides in citrate-acetone-formaldehyde solution for 30 
secon:is am rinse thoroughly in deionized water. 
2. hijust te.It"pe.rature of 45 ml deionized water to 23-27"C. 
3. 'Ib 1 ml. of FRV-Alkaline solution, ackl. 1 ml. scxlium nitrate 
solution, an:1 vortex vigorously for 30 secorX!s. 
4. Add solution from step 2 to deionized water from step 3. 
s. Add 1 ml naphthol AS-BI alkaline solution, mix thoroughly arxl 
pour into coplin jar. 
6. Add slides am incubate, protected fran light, at room 
tenperature for 15 minutes. 
7. After 15 minutes, rencve slides and rinse thoroughly 
in deionized water. 
8. counterstain in hematoxylin solution, Gill # 3, for 2 
minutes. 
9. Rinse thoroughly an:1 air dry. 
10. Mount slides in water, coverslip and examine using 
oil immersion objective. 
aReagents an:1 analytic procedure were supplied by Sigma 
Diagnostics, st. Louis, Missouri. 
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Table B-2 
Pl:"oce:iuma for the Preparation of Plasma Lipids Prior to Analysis by 
Gas-Liquid Chranatogra~y. 
Lipid Extraction 
To a • 5 llll. sample of dilute plasma in a 15 ml centrifude tube 
(Teflon-lined, with screw cap): 
add 1. 0 m1. meti'.anol (HPIC grade), vortex, 
add o. 5 m1. chlorofonn (HPIC grade), mix, 
add 0.5 ml 0.9% saline arrl 1.0 ml chloroform, mix. 
let sample stan:i at roan tenperature until 2 ~ have 
separated, the bottom ~ contains the neutral lipids. 
Rem::wal of Ololesterol . 
Diy :known annmt of lipid extract in a 15 ml centrifuge tube 
(Teflon-lined, with screw cap): 
add 3 ml of 95% ethanol, while mixin:J add 0.3 ml of 33% 
potassium hydroxide, purge tube with nitrogen gas, cap tightly, 
place in 60 • c heati.rr:; blcx:::k for 15 minutes, 
cool tube, add 3 m1 water am 10 mL hexane (HPIC grade), cap 
tube tightly 1 
shake tube vigorously for 30 secorx:ls, allow tube to starrl 
at roan t.e!rperature until phases separate, renove upper 
phase arrl disgard, vortex lower phase, add 8 drops of 
concentrate::l sulfuric acid, add 10 ml hexane, cap tube, 
shake for 30 seconis, allow I;hases to separate. 
Transfer top~ to clean screw cap tube, dry sample unJ.er 
nitrogen. 
a Procedure curre.nt1 y used by the Depart:Irent of 
Biochemistry, :Bc::wnan-Gray School of z.aticine, 
Winston-Salem, N.C. 
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Table B-2 (continued) 
Procedure for the Preparation of Plasma Lipids Prior to Analysis by 
Gas-Liquid Ou:ana~y. 
Methylation 
To the lipid extract: 
add 50 lamb:la of 17:0 internal stardard, 
add 2. 5 ml Jrethanol, 'While vortexirg add 0. 2 ml concentrated 
sulfuric acid dropwise, 
flush tube with nitrogen gas, seal, heat at ss·c for 2.5 
hours, cool to rcx::xn teirperature, 
add 2.5 ml pentane (HPIC grade) arxi 2.0 mL water, cap, shake 
vigorously for 30 seconds. 
Transfer top lay to a clean test tube, dry 'lll'rler nitrcxJen gas, 
arxi resuspe.OO in 1. o m1 urrlecane (HPIC grade) • SUl:mit sanples 
for GIC analysis. 
a.Nu~-Prep, Inc. Elysian, Minnesota. 
------- .. -----------· 
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Table B-3 
Gas Liquid 01raratcgraphy Reference Fatty Acid st.ar'dardsa 
(Mixture 68B). 
Fatty Acid Olain I.ocation of Percent by 
Name I.en;Jth In.lble Eon:1s Weight 
Methyl Myristate 14:0 3.0 
Methyl Myristoleate 14:1 9 1.0 
Methyl Palmitate 16:0 10.0 
Methyl Palmitoleate 16:1 9 2.0 
Methyl stearate 18:0 15.0 
Methyl Oleate 18:1 9 25.0 
Methyl Linoleate 18:2 9,12 10.0 
Methyl Linolenate 18:3 9,12,15 4.0 
Methyl Arachidate 20:0 2.0 
Methyl Eicosenoate 20:1 11 2.0 
Methyl Eicosadienoate 20:2 11,14 2.0 
Methyl Haocx;Jaiim Linolenate 20:3 8,11,14 4.0 
Methyl Arachidonate 20:4 5,8,11,14 4.0 
Methyl Behenate 22:0 4.0 
Methyl Erucate 22:1 13 2.0 
Methyl J:kx:osahexaenoate 22:6 4,7,10,13,16,19 4.0 
Methyl Lignocerate 24:0 2.0 
Methyl Nezvonate 24:1 15 4.0 
aNu-Qlek-Prep, Inc., Elysian, Minnesota. 
-----·-· ·-·- .. ---- ··-----------------
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Table C-J. 
Food Intake of Young Male Rats Fed Zinc and Linoleic Acid. 
Cage Diet Total Food Intake For Experimental Days 
2-5 6-9 10-13 14-17 18-21 22-25 26-29 
g 
1 ZDLD 44 39 37 45 35 41 32 
6 67 50 29 51 44 41 46 
10 58 54 35 37 46 45 47 
15 41 48 37 47 45 45 45 
17 43 47 32 38 41 30 33 
21 43 54 35 42 49 41 35 
3 ZALD 64 50 48 51 38 43 46 
7 64 50 48 51 38 44 46 
11 61 53 45 49 43 45 48 
13 55 53 45 46 43 45 48 
20 52 54 42 43 46 43 46 
23 52 54 42 43 46 43 46 
4 ZDLA 49 44 34 42 46 42 33 
8 35 50 37 41 45 41 44 
9 19 51 48 41 41 43 35 
14 52 48 41 46 46 45 48 
19 38 48 36 41 46 42 42 
24 28 40 32 37 38 34 34 
2 ZALA 67 50 48 51 38 44 46 
5 67 50 48 51 38 44 46 
12 58 53 45 46 43 45 48 
16 54 53 45 45 43 45 48 
18 51 59 42 43 46 43 46 
22 52 61 42 43 46 43 46 
30-33 
34 
42 
39 
39 
38 
40 
42 
42 
40 
39 
40 
40 
38 
41 
39 
39 
40 
35 
42 
42 
41 
39 
40 
40 
00 
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Table C-2 
Weight Change of Young Male Rats Fed Zinc and Linoleic Acid. 
Cage Diet Total Weight Change For Experimental Days 
2-5 6-9 10-13 14-17 18-21 22-25 26-39 
g 
1 ZDLD 8 10 8 2 6 2 3 
6 20 0 5 15 -1 2 4 
10 20 17 -5 9 1 8 1 
15 10 6 -7 6 2 1 7 
17 8 0 -1 9 -2 1 4 
21 13 -2 3 3 -2 7 11 
3 ZALD 28 4 19 11 -13 10 -5 
7 27 3 26 5 -14 15 -6 
11 20 12 4 4 -11 8 -8 
13 26 13 3 17 -9 7 -6 
20 12 16 3 -4 -5 5 6 
23 28 12 3 5 -2 1 1 
4 ZDLA 25 -13 18 -1 0 11 -6 
8 11 8 10 3 5 6 -4 
9 -5 15 6 1 9 0 -2 
14 13 2 8 -1 3 0 10 
19 6 -4 1 8 -4 3 7 
24 7 -4 9 4 -7 2 -1 
2 ZALA 30 0 24 7 -10 10 -2 
5 30 0 20 8 -18 16 -7 
12 29 17 3 19 -4 12 4 
16 22 12 2 18 -9 8 0 
18 19 7 5 1 -3 -1 11 
22 29 3 6 -1 3 7 10 
30-33 
0 
5 
1 
-5 
-4 
-2 
-3 
2 
-1 
-3 
-1 
2 
-3 
-6 
9 
-1 
7 
-3 
-3 
-2 
4 
-2 
-4 
0 
(X) 
w 
Table C-3 
Food Efficiency Ratio of Young Male Rats Fed Zinc and Linoleic Acid. 
Cage Diet Food Efficiency Ratio For Experimental Days 
2-5 6-9 10-13 14-17 18-21 22-25 26-29 
(g weight changejg food intake) * 100 
1 ZDLD 18.18 25.64 21.62 4.44 17.14 4.87 9.37 
6 29.85 o.oo 17.24 29.41 -2.27 4.87 8.69 
10 34.48 31.48 -14.28 24.32 2.17 17.77 2.12 
15 24.39 12.50 -18.91 12.76 4.44 2.22 15.55 
17 18.60 o.oo -3.12 23.68 -4.87 3.33 12.12 
21 30.23 -3.70 8.57 7.14 -4.08 17.07 31.42 
3 ZALD 43.75 8.oo 39.58 21.56 -34.21 23.25 -10.87 
7 42.18 6.00 54.16 9.80 -36.84 34.09 -13.04 
11 32.78 22.64 8.88 8.16 -25.58 17.77 -16.66 
13 47.27 24.52 6.66 36.95 -20.93 15.55 -12.50 
20 23.07 29.62 7.14 -9.30 -10.87 11.62 13.04 
23 53.84 22.22 7.14 11.62 -4.34 2.32 2.17 
4 ZDLA 51.02 -29.54 52.94 -2.38 0.00 26.19 -18.18 
8 31.42 16.00 27.02 7.31 11.11 14.63 -9.09 
9 -26.31 29.41 12.50 2.43 21.95 o.oo -5.71 
14 25.00 4.16 19.51 -2.17 6.52 o.oo 20.83 
19 15.78 -8.33 2.77 19.51 -8.69 7.14 16.66 
24 25.00 -10.00 28.12 10.81 -18.42 5.88 -2.94 
2 ZALA 44.77 o.oo 50.00 13.72 -26.31 22.72 -4.34 
5 44.77 0.00 41.66 15.68 -47.36 36.36 -15.21 
12 50.00 32.07 6.66 41.30 -9.30 26.66 8.33 
16 40.74 22.64 4.44 40.00 -20.93 17.77 o.oo 
18 37.25 11.86 11.90 2.32 -6.52 -2.32 23.91 
22 55.76 4.91 14.28 -2.32 6.52 16.27 21.73 
30-33 
0.00 
11.90 
2.56 
-12.82 
-10.52 
-5.00 
-7.14 
4.76 
-2.50 
-7.69 
-2.50 
5.00 
-7.89 
-14.63 
23.07 
-2.56 
17.50 
-8.57 
-7.14 
-4.76 
9.75 
-5.12 
-10.00 
o.oo 
()) 
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Table C-4 
Front Paw Dermal Lesions on Young Male Rats Fed Zinc and Linoleic Acid. 
cage Diet Front Paw Dermal Lesions On Experimental Day 
1 5 9 13 17 21 25 29 33 
Scorea 
1 ZDLD 1 1 1 1 1 1 1 2 2 
6 1 1 1 1 1 l. 3 3 3 
10 1 1 1 1 1 1 1 3 3 
15 1 1 1 1 1 1 3 4 5 
17 1 1 1 1 1 1 3 3 5 
21 1 1 1 1 2 2 2 3 4 
3 ZALD 1 1 1 1 1 1 1 3 2 
7 1 1 1 1 1 1 1 1 2 
11 1 1 1 1 1 1 1 2 2 
13 1 1 1 1 1 1 1 2 2 
20 1 1 1 1 1 1 1 2 1 
23 1 1 1 1 1 1 1 1 1 
4 ZDLA 1 1 1 1 1 1 1 1 3 
B 1 1 1 1 1 1 1 1 2 
9 1 1 1 1 1 1 1 1 3 
14 1 1 1 1 1 1 1 2 3 
19 1 1 1 1 1 1 1 2 1 
24 1 1 1 1 1 2 3 4 3 
2 ZALA 1 1 1 1 1 1 1 1 1 
5 1 1 1 1 1 1 1 1 1 
12 1 1 1 1 1 1 1 1 1 
16 1 1 1 1 1 1 1 1 2 
18 1 1 1 1 1 1 1 1 1 
22 l. 1 1 1 1 1 1 1 1 
--
a From Table 2, page 24. 
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Table C-5 
Rear Paw Dermal Lesions On Young Male Rats Fed Zinc and Linoleic Acid. 
Cage Diet Rear Paw Dermal Lesions on Experimental Day 
1 5 9 13 17 21 25 29 33 
Scorea 
1 ZDLD 1 1 1 2 1 2 3 3 4 
6 1 1 1 2 3 3 4 4 5 
10 1 1 1 1 1 2 1 3 3 
15 1 3 3 2 1 3 3 4 5 
17 1 1 2 1 2 2 3 3 5 
21 1 1 1 1 3 3 3 4 4 
3 ZALD 1 2 1 1 1 2 2 3 3 
7 1 1 1 1 1 1 1 1 2 
11 1 2 2 1 1 1 1 2 2 
13 1 1 2 1 1 1 2 2 4 
20 1 1 1 1 1 1 2 1 3 
23 1 2 2 1 1 1 1 1 1 
4 ZDLA 1 1 1 2 1 1 1 2 2 
8 1 1 1 1 1 1 1 2 1 
9 1 2 2 1 1 1 1 1 1 
14 1 2 1 1 1 1 1 2 3 
19 1 1 1 1 1 1 1 1 1 
24 1 1 1 1 1 2 3 4 3 
2 ZALA 1 1 1 1 1 1 1 1 1 
5 1 1 1 1 1 1 1 1 1 
12 1 2 2 1 1 1 1 1 1 
16 1 2 1 1 1 1 1 1 3 
18 1 1 1 1 1 1 1 1 1 
22 1 1 1 1 1 1 1 1 1 
a From Table 2, page 24. 
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Table C-6 
Appearance/Muscle Tone of Young Male Rats Fed Zinc and Linoleic Acid. 
Cage Diet Muscle Tone On Experimental Day 
1 5 9 13 17 21 25 29 33 
Scorea 
l ZDLD 1 2 1 2 2 2 2 2 2 
6 l 2 2 1 3 1 3 2 1 
10 1 2 1 l 1 2 1 2 1 
15 1 2 2 3 1 2 2 2 2· 
17 1 2 2 3 2 3 2 3 2 
21 1 1 1 1 1 2 2 2 1 
3 ZALD 1 1 1 1 1 1 1 2 1 
7 1 1 1 1 1 1 2 1 1 
11 1 2 1 2 1 l 2 2 1 
13 1 2 2 2 1 1 1 1 1 
20 1 1 1 1 1 2 3 2 1 
23 1 1 1 2 1 1 3 2 2 
4 ZDLA 1 1 1 1 1 1 1 2 1 
8 1 2 1 2 1 1 2 2 1 
9 1 2 1 2 2 2 2 2 2 
14 1 2 2 2 1 3 2 2 2 
19 1 1 1 3 3 3 2 1 2 
24 1 1 1 1 1 1 2 1 2 
2 ZALA 1 1 1 1 1 1 2 1 1 
5 1 1 1 1 1 1 1 1 1 
12 1 1 1 1 1 1 1 1 1 
16 1 2 1 2 1 2 1 2 1 
18 1 1 1 1 1 2 2 1 1 
22 1 1 1 1 1 1 2 2 1 
--
a From Table 1, page 23. 
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Table C-7 
Total Leukocyte and Absolute Granulocyte Count of Young Male Rats Fed Zinc and 
Linoleic Acid. 
cage Diet Total Leukocytes Absolute Granulocytes 
Experimental Day Experimental Day 
3 13 23 33 3 13 23 33 
Count {1o3;mm3) Count {103 /mm3) 
1 ZDLD 16.5 14.0 14.0 14.4 6.27 .42 6.16 2.30 
6 11.6 11.6 8.0 9.7 2.55 5.45 1.52 .58 
10 12.3 7.6 17.1 1~.:~a 6.15 1.52 11.63 2.06 15 14.8 14.0 15.1 6.66 2.38 6.79 ---
17 10.5 11.1 8.8 10.9 1. 68 --- --- 4.45 
21 16.5 14.0 6.9 9.2 6.27 6.86 1.52 .74 
3 ZALD 20.6 16.7 9.6 13.3 3.94 4.68 .96 1. 33 
7 14.1 10.7 7.7 7.6 3.53 2.89 4.54 .99 
11 14.1 8.4 7.5 7.4 7.76 1.51 .98 1. 63 
13 7.9 6.1 6.3 6.7 3.63 .85 .95 .80 
20 7.8 6.3 --- 4.8 2.34 3.40 --- .22 
23 11.1 6.0 6.1 8.0 5.33 1.80 1.28 1.20 
4 ZDLA 15.7 13.7 12.6 10.2 5.18 5.89 5.54 1. 43 
8 8.1 14.2 --- 3.9 1.22 6.39 --- .98 
9 14.6 18.2 9.9 18.8 11.39 11.28 3.27 13.16 
14 14.2 10.3 12.0 6.9 4.40 2.99 4.08 1. 38 
19 13.4 5.9 6.3 8.2 2.41 .53 --- .21 
24 14.5 9.8 11.4 8.1 3.63 2.55 4.45 1. 38 
2 ZALA 15.5 17.4 9.7 13.1 5.74 4.52 3.10 1.70 
5 11.8 8.8 7.2 9.2 5.07 1.49 2.23 1.47 
12 14.0 9.8 13.2 --- 6.72 4.02 .79 ---
16 14.6 8.9 6.2 9.9 12.18 1. 78 1. 30 3.07 
18 16.8 9.2 6.8 8.7 11.42 2.58 1.36 1.74 
22 13.6 7.3 7.1 7.5 7.34 l.. 75 2.63 2.78 
a -- indicates missing value. 
():) 
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Table C-8 
Platelet Counts and Mean Platelet Volumes of Young Male Rats Fed Zinc and 
Linoleic Acid. 
Cage Diet Platelet Count Mean Platelet Volume 
Experimental Day Experimental Day 
3 13 23 33 3 13 23 33 
Count (1o 3;rnrn3) fL 
1 ZDLD 906 1178 
___ a 
1054 5.9 6.6 --- 6.4 
6 498 --- --- 1011 6.9 --- --- 7.0 
10 411 1464 800 657 6.6 7.0 6.9 6.8 
15 615 945 664 --- 7.9 7.5 7.5 ---
17 982 1406 895 1268 7.6 7.2 7.1 7.2 
21 939 1264 978 --- 7.2 6.8 6.5 
3 ZALD 816 1152 1105 954 6.9 7.3 7.2 6.9 
7 --- 970 1078 930 --- 7.4 7.3 7.0 
11 695 1144 807 715 7.5 6.9 6.7 6.6 
13 1046 847 689 906 7.4 7.3 7.1 6.6 
20 1415 1242 899 1038 7.5 6.7 6.7 6.8 
23 1101 1290 830 1109 7.1 6.8 6.9 6.6 
4 ZDLA 571 517 --- 761 6.9 7.0 --- 6.8 
8 807 435 --- 749 6.9 7.5 --- 6.6 
9 907 1578 --- 958 7.4 7.4 --- 6.7 
14 1442 1422 792 340 7.1 6.9 6.3 6.1 
19 1188 970 731 1117 7.0 6.6 6.6 6.5 
24 1442 957 831 422 7.6 6.8 6.7 6.5 
2 ZALA 562 627 863 869 7.0 7.2 6.6 6.5 
5 679 772 848 --- 6.9 7.1 6.7 
12 935 903 912 --- 7.3 7.5 7.2 
16 994 908 731 612 7.1 7.1 6.6 6.7 
18 937 967 864 1095 7.5 6.4 6.2 6.2 
22 1046 1202 823 912 7.3 6.6 6.7 6.6 
a indicates a missing value. CXI 
\0 
Table C-9 
Leukocyte Alkaline Phosphatase (LAP) score and Bleeding Time of Young Male Rats 
Fed Zinc and Linoleic Acid. 
Cage Diet LAP Score Bleeding Time 
Experimental Day Experimental Day 
3 13 23 33 2 12 22 32 
Score (33 cells) Seconds 
1 ZDLD 14 6 29 39 127 55 40 35 
6 35 35 11 40 85 35 43 28 
10 26 32 25 ~~a 65 30 50 25 15 40 30 41 40 55 25 20 
17 20 44 18 52 52 20 25 32 
21 23 36 34 21 50 50 20 24 
3 ZALD 34 35 34 32 118 56 30 35 
7 22 40 23 36 65 25 50 70 
11 18 23 20 32 45 35 45 38 
13 24 8 21 18 75 55 70 33 
20 20 34 14 40 65 30 20 40 
23 42 31 23 38 55 50 25 15 
4 ZDLA 31 28 22 45 65 80 80 50 
8 41 35 29 34 65 30 65 35 
9 39 33 33 37 62 35 60 40 
14 38 19 32 40 45 38 45 25 
19 31 39 29 36 55 25 50 50 
24 68 31 37 36 45 55 25 25 
2 ZALA 36 26 33 31 64 70 25 20 
5 38 37 27 27 105 40 40 15 
12 29 47 12 48 40 50 35 30 
16 30 31 31 45 50 45 65 35 
18 45 42 23 41 90 40 30 20 
22 44 29 24 33 65 60 35 50 
\D 
0 
a indicates a missing value. 
Table c-10 
Plasma Fatty Acid Concentration of Young Male Rats Fed Zinc and Linoleic Acid. 
Cage Diet Fatty Acid Concentration 
Myristic Palmitic stearic Oleic Linoleic Eicosa- Aracridonic Ratiob 
trienoica 
mg/dl 
1 ZDLD 3.406 49.014 16.487 18.970 0.461 1.167 2.116 74.809 
6 7.790 43.836 11.146 17.739 0.644 0.302 0.737 54.050 
10 2.992 74.917 23.303 71.493 4.315 3.452 23.648 42.000 
17 2.701 67.654 27.073 68.573 4.023 2.557 14.686 50.056 
21 1.997 43.038 17.083 35.816 2.987 3.116 13.545 42.166 
3 ZALD 2.621 51.394 19.886 50.950 2.244 0.711 10.065 15.696 
7 3.010 46.305 22.015 29.750 1. 610 0.350 5.460 11.217 
11 1. 764 53.096 20.308 50.450 3.792 0.859 17.353 10.926 
13 1.778 61.036 22.012 24.002 0.933 0.704 4.367 28.403 
20 2.420 43.622 17.238 33.404 2.265 1. 314 6.120 37.119 
23 1. 609 42.687 13.373 33.553 2.773 0.940 11.269 13.302 
4 ZDLA 3.747 58.374 19.948 50.926 17.718 1. 755 31.737 13.118 
8 ---c --- --- --- --- --- --- ---
9 1. 965 69.825 16.660 37.636 19.352 1. 217 36.589 7.107 
14 1.584 58.249 24.752 33.813 17.677 1. 710 37.023 9.758 
19 2.687 82.48L: 26.388 54.721 28.532 1. 629 36.852 12.642 
24 
2 ZALA 2.444 55.195 21.155 27.643 12.590 1. 433 28.525 9.237 
5 2.356 56.823 17.189 15.066 4.836 --- --- ---
12 2.922 65.087 18.798 50.307 20.721 1. 436 39.520 8.851 
16 1. 835 55.171 23.439 48.783 23.624 1. 765 47.482 8.637 
18 1.174 48.475 16.401 13.793 2.867 --- 5.660 ---
22 2.414 58.963 23.383 45.485 23.654 1.897 50.462 9.264 
a 5,8.11 Eiocosatrienoic Acid. b ~at~o = (Eico~at~ienoic Acid/Arachidionic Acid)*lOO. c ~nd~cates a m~ss~ng value. 
10 ..... 
Table C-11 
Serum zinc and Testicular CopperA Iron, 
Male Rats Fed Zinc and Linole1c cid. 
Zinc and Manganese Concentrations of Young 
Cage Diet Plasma Testicular 
zinc Copper Iron Zinc Manganese 
ppm mcgjg dry wt. 
1 ZDLD 213 12.8 114 144 2.4 
6 140 10.0 110 175 2.5 
10 ~~R 21.9 224 127 5.8 15 17.7 114 118 4.4 
17 100 13.3 113 133 2.4 
21 100 15.6 140 138 3.5 
3 ZALD 200 11.7 101 184 2.5 
7 140 9.4 100 177 2.4 
11 160 9.6 102 169 2.4 
13 170 11.2 102 177 1.9 
20 210 8.9 93 180 2.5 
23 140 11.0 105 168 2.3 
4 ZDLA 100 13.4 112 142 3.1 
8 --- 12.3 196 123 6.7 
9 90 18.1 132 217 4.5 
14 110 21.4 237 120 5.4 
19 110 21.8 188 243 5.1 
24 --- 16.7 173 126 7.3 
2 ZALA 160 13.6 103 176 2.3 
5 163 11.5 102 187 2.4 
12 130 13.2 139 167 2.8 
16 150 12.5 104 164 2.0 
18 160 9.8 99 169 2.6 
22 150 12.2 106 167 2.6 
a indicates a missing value. 
1.0 
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Table D-1 
Univariate Analysis of Variance For Plasma Zinc concentration of Young 
Male Rats Fed Zinc ani Linoleic Acid. 
Serum Zinc 
MOOel 3 
Zinc 1 
Lino1 1 
Zinc*Lino 1 
Error 11 
Total 14 
1 Linoleic Acid 
Type III 
SUm of 
Squares 
F-value Probability 
Greater t:hafl 
F-value 
0.112 4.18 
0.006 7.60 
0.004 5.46 
0.001 0.97 
0.015 
0.026 
0.02 
0.01 
0.03 
0.34 
----------- ··-· --- ··--- - -
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Table D-2 
Univariate Analysis of Vari.aix::e For Plasma Ratio of Ei.ccsatri.enoic Acid 
to Aradri.cbri.c Acid In Youn;J Male Rats Fed Z~ am Linoleic Acid. 
Source Degices 
of 
Freedan 
Ratio of Eicosatrienoic Acid 
to Arachidonic Acid 
Model 3 
Zinc 1 
Lino 1 
Zi.nc*Lino 1 
Error 15 
Total 18 
Type III 
SUm of 
SquaJ:es 
.2195 
.0459 
.1216 
.0420 
.1418 
.3545 
F-value Probability 
Greater t:hafl 
F-value 
7.51 
4.86 
12.87 
4.44 
0.003 
0.04 
0.003 
0.05 
~E 
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'!able E-1 
llil.tivariate Anal~is of Variance for Plasma Fatty Acid Profile of 
Yoorg Male Rats Ed zinc am Linoleic Acid. 
=~ 
soorce ~ ·r~ ~ii F'-value Pi'OOabllitY Greater than 
Freedan Squares F-value 
MYtiStic 
Mcxlel 3 7.81 1.50 0.26 
Zinc 1 3.21 1.85 0.19 
Line 1 1.43 0.77 0.39 
Zinc* Line 1 2.54 1.46 0.24 
Error 15 26.09 
Total 18 33.90 
Palnri.tic 
Mcx:lel 3 757.79 2.42 0.11 
Zinc 1 246.98 2.60 0.14 
Line 1 482.77 4.63 0.05 
Zinc* Line 1 7.96 0.08 0.78 
Error 15 1562.51 
Total 18 2320.30 
Stearic 
Model 3 34.71 0.61 0.61 
Zinc 1 0.02 0.00 0.98 
Line 1 34.57 1.82 0.20 
Zinc*Lino 1 0.15 0.10 0.93 
Error 15 284.78 
Total 18 482.76 
Oleic 
Mcx:lel 3 165.09 0.21 0.89 
Zinc 1 52.11 0.20 0.66 
Line 1 70.05 0.26 0.61 
Zinc* Line 1 21.14 0.08 0.78 
Error 15 3989.36 
Total 18 4154.45 
Linoleic 
Model 3 1521.02 41.97 0.001 
Zinc 1 0.91 0.08 0.79 
Line 1 1513.81 125.31 0.001 
Zinc*Lino 1 0.23 0.02 0.89 
Error 15 181.21 
Total 18 1702.23 
Eicosatrienoic 
Model 3 4.84 3.02 0.06 
Zinc 1 1.81 3.38 0.09 
Line 1 0.08 0.17 0.69 
Zinc*Lino 1 2.13 3.99 0.06 
Error 15 8.02 
Total 18 12.86 
Arachidonic 
Mcx:lel 3 3863.47 24.44 0.001 
Zinc 1 19.45 0.37 0.55 
Line 1 3748.23 71.13 0.001 
Zinc*Lino 1 69.98 1.33 0.27 
Error 15 790.42 
Total 18 
Millt!Variate Atlaiys1s of Variance Results Based on Roy's Maxilm.nn Root 
Criterion: 
~is RoY's 
MmllUlm ~ p-value 
Root Freed an 
No overall Zinc Effect 3.12 7,9 0.058 
No overall Li..no Effect 20.27 7,9 0.001 
No overall Zinc*Lino Effect 2.71 7,9 0.083 
-~---------- -·-- ·-·-·····------------------- -·. --
Table E-2 
!tJltivariate Analysis of Variance of the Effects of Zioc an:i Linoleic 
Acid OVer Tille on Weight <llan:Je of YOI.Il'q Male Rats Fed Zin:: arxl 
Limleic Acid. 
Inte.ra¢ 
Source 
Mcxlel 
Zinc 
Line 
Degi ES 
of 
Freedom 
3 
1 
1 
Zinc* Line 1 
Error 20 
Total 23 
Linear Effect over T.im 
Mcxlel 3 
Zinc 1 
Line 1 
Zinc* Line 1 
Error 20 
Total 23 
QJadratic Effect OVer T.im 
Model 3 
Zinc 1 
Lino 1 
Zinc* Line 1 
Error 20 
Total 23 
8.84 
1.83 
3.05 
3.96 
67.21 
76.05 
21.05 
20.69 
0.34 
0.01 
14.17 
35.21 
1.95 
1.86 
0.06 
0.02 
1.19 
3.13 
F-value Probability 
Greater than 
F-value 
0.88 
0.54 
0.91 
1.81 
9.91 
29.22 
0.49 
0.01 
10.92 
31.40 
1.01 
0.36 
0.47 
0.47 
0.35 
0.29 
0.001 
0.001 
0.49 
0.92 
0.001 
0.001 
0.32 
0.56 
Multivariate Analysis of Variance Results Based on Roy's Max:ilm.nn Root 
Criterion: 
Hypothesis 
No OVerall Zinc Effect 
No OVerall Lino Effect 
No OVerall Zi.nc*Lino Effect 
20.70 
0.79 
0.93 
Degiees 
of 
Freedom 
3,18 
3,18 
3,18 
p-value 
0.001 
0.51 
0.44 
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Table E-3 
ltlltivariate Analysis of Variarre of the Effects of Zinc ani Linoleic 
Acid OVer Time on Fbod J:nt:ake of Yo.n;J Male Rats Fed Zinc ani 
Liroleic Acid. 
~ent 
Variable 
Intercept 
Source Degi e es 
of 
FreErlam 
MOOel 3 
Zinc 1 
Lino 1 
Zinc*Li.no 1 
Error 20 
Total 23 
Linear Effect over Time 
Mcxlel 3 
Zinc 1 
Lino 1 
Zinc*Li.no 1 
Error 20 
'Ibtal 23 
Quadratic Effect over Tine 
Mcxlel 3 
Zinc 1 
Lino 1 
Zinc*Lino 1 
Error 20 
Total 23 
66.97 
60.36 
3.32 
3.28 
111.34 
178.35 
13.01 
9.71 
1.32 
1.98 
7.01 
20.04 
2.27 
1.31 
0.40 
0.55 
3.06 
5.39 
F-value Prd:lability 
Greater thaiJ. 
4.01 
10.85 
0.60 
0.59 
12.36 
27.65 
3.78 
5.66 
4.94 
8.54 
2.66 
3.60 
F-value 
0.022 
0.004 
0.44 
0.45 
0.001 
0.001 
0.066 
0.027 
0.01 
0.008 
0.12 
0.07 
z.t4ti~iate Analysis of Variance Results Based on Roy's Maximum Root 
cnter1on: 
Hypothesis RoY's 
MaXimum 
DegJ;ees 
of 
p-value 
Root Freedom 
No OVerall Zinc Effect 15.60 3,18 0.001 
No OVerall Lino Effect 1.17 3,18 0.35 
No OVerall Zinc*Lino Effect 1.72 3,18 0.20 
-----------------·- ---
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Table E-4 
!llltivari.ate Analysis of Variance for ~e Tale am D:>mal 
Iesials on Rats Fed Zinc an::i Linoleic Acid. 
Source Degrees 
of 
FreErlan 
~jMuscle 'Ibnus 
ror IBys 18-33 
Mcxiel 3 
Zinc 1 
Lino 1 
Zinc*Lino 1 
Error 14 
Total 17 
Dermal Lesions 
For r::ays 26-33 
Mcxiel 3 
Zinc 1 
Lino 1 
Zinc*Lino 1 
Error 20 
Total 23 
Type III 
SUm of 
SqUares 
12.57 
6.13 
0.04 
0.74 
30.50 
43.11 
162.10 
34.43 
39.00 
15.87 
107.53 
269.61 
F-value PrOOability 
Greater than 
F-value 
1.92 
2.81 
0.02 
0.34 
7.03 
4.48 
5.08 
2.07 
0.17 
0.12 
0.88 
0.57 
0.004 
0.05 
0.04 
0.17 
Multivariate Analysis of Variance Results Based on Roy's Ma.xllnum Root 
Criterion: 
Hypothesis ~ IaJrees of p-value 
Root Free:iam 
No overall Zinc Effect 3.65 2,13 0.05 
No overall Line Effect 2.40 2,13 0.13 
No overall Zinc*Li.no Effect 1.18 2,13 0.34 
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Table E-5 
Bll.tivariate Analysis of Variance for Testi.cul.ar Mineral 
ecn::entration of Young Male Rats Fed Zinc ani Linoleic Acid. 
~ Source I):grees ~w F-value Probability of Greater than 
Freed an Squares F-value 
M:xiel 3 174.9 6.41 0.003 
Zinc 1 152.4 16.74 0.001 
Line 1 22.5 2.47 0.13 
Zinc*Lino 1 0.1 0.01 0.92 
Error 20 182.0 
Total 23 356.9 
Iron 
M:xiel 3 117387.2 2.29 0.11 
Zinc 1 72644.0 4.25 0.05 
Lino 1 25363.0 1.48 0.24 
Zinc*Lino 1 19380.2 1.13 0.30 
Error 20 341825.1 
Total 23 459212.3 
Zinc 
M:xiel 3 4801.0 1.86 0.16 
Zinc 1 3210.9 0.01 0.07 
Lino 1 520.8 0.61 0.45 
Zinc*Lino 1 1069.3 1.24 0.28 
Error 20 17229.1 
Total 23 22030.1 
Model 3 33.59 11.03 0.001 
Zinc 1 23.96 23.60 0.001 
Line 1 5.40 5.32 0.03 
Zinc*Lino 1 4.23 4.17 0.05 
Error 20 20.30 
Total 23 53.89 
Multivariate Analysis of Variance Results Based on Roy's Maximum Root 
Criterion: 
Hypothesis RoY's 
MaXimum ~ p-value 
Root Freedom 
No overall Zinc Effect 6.54 4,17 0.002 
No overall Lino Effect 1.72 4,17 0.19 
No overall Zinc*Lino Effect 2.36 4,17 0.09 
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Table E-6 
!lll.tivariate Analysis of Variance of the Effects of Zinc ani Linoleic 
Acid CNer Time on the Total I.eukccyt:e <Dmt of YamJ Male Rats Fed Zinc 
ani Linoleic Acid. 
Intercept 
MOOel 
Zinc 
Lino 
D:grees 
of 
Freedan 
3 
1 
1 
Zinc*Lino 1 
Error 20 
Total 23 
Linear Effect O<Jer Time 
MOOel 3 
Zin; 1 
Lino 1 
Zinc*Lino 1 
Error 20 
Total 23 
t;;.w.dratic Effect O<Jer Time 
Model 3 
Zin; 1 
Lino 1 
Zin;*Lino 1 
Error 20 
Total 23 
TVPe Til 
SUm of 
Squares 
70.91 
68.78 
0.42 
1.71 
144.26 
215.18 
5.04 
2.53 
0.97 
1.53 
22.69 
27.72 
9.32 
7.25 
0.01 
2.07 
27.74 
37.07 
F-value .P.rdJability 
Greater than 
F-value 
3.28 
9.54 
0.06 
0.24 
1.48 
2.23 
0.86 
1.35 
2.24 
5.23 
0.01 
1.49 
0.042 
0.005 
0.81 
0.63 
0.25 
0.15 
0.37 
0.25 
0.12 
0.03 
0.94 
0.23 
M14ti~iate Analysis of Variance Results Based on Roy 1s Maximum Root 
Cr1ter1on: 
Hypothesis 
No OVerall Zinc Effect 
No CNerall Lino Effect 
No Overall Zinc*Lino Effect 
3.70 
0.29 
1.24 
~ p-value 
Freedom 
3,18 
3,18 
3,18 
0.03 
0.83 
0.32 
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Table E-7 
lt.ll.tivariate Analysis of Variance of the Effects of Zinc an:9. Linoleic 
Acid rNer Tine on the Atsolute Granil.ocyte cmnt of Yatn;J Male Rats Fed 
Zinc an:9. Linoleic Acid. 
~ent 
Variable 
Intercept 
Source 
Medel 
Zinc 
Line 
Degrees 
of 
Freedan 
3 
1 
1 
Zinc*Lino 1 
Error 20 
Total 23 
Linear Effect OVer Time 
Mcx:iel 3 
Zinc 1 
Line 1 
Zinc*Lino 1 
Error 20 
Total 23 
Quadratic Effect rNer Time 
Mcx:iel 3 
Zinc 1 
Li.no 1 
Zinc*Lino 1 
Error 20 
Total 23 
TYPe Ill 
SUm of 
Squares 
3351.26 
3346.08 
0.24 
4.94 
5872.66 
9223.93 
1358.14 
975.48 
370.02 
12.64 
3340.74 
4698.88 
729.91 
379.37 
45.60 
304.94 
4833.85 
5563.75 
F-value Prd:lability 
Greater t.hail 
F-value 
3.80 
11.40 
0.00 
0.02 
2.71 
5.84 
2.22 
0.08 
1.01 
1.57 
0.19 
1.26 
0.03 
0.003 
0.97 
0.90 
0.07 
0.03 
0.15 
0.78 
0.41 
0.22 
0.67 
0.27 
MJ+ti~iate Analysis of Variance Results Based on Roy's Maximum Root 
Cr~tenon: 
Hyp:Jthesis RoY's 
MaXllnum 
Degrees 
of 
p-value 
Root Freedom 
No rNerall Zinc Effect 5.51 3,18 0.007 
No rNerall Line Effect 1.13 3,18 0.36 
No rNerall Zinc*Lino Effect 0.67 3,18 0.58 
------------~~- --- --- ~--
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Table E-8 
!tlltivariate Analysis of Variance of the Effects of Zin::: ani Linoleic 
Acid OVer Tim on Platelet CWnts of Ya.DJ Male Rats Fed Zinc arrl 
Linoleic Acid. 
Source Degl:ees 
of 
F.reedan 
Model 3 
Zinc 1 
Lino 1 
Zinc*Li.no 1 
Error 20 
Total 23 
Linear Effect Over Time 
Model 3 
Zinc 1 
Li.no 1 
Zinc*Li.no 1 
Error 20 
Total 23 
Quadratic Effect Over Time 
Model 3 
Zinc 1 
Li.no 1 
Zinc*Li.no 1 
Error 20 
Total 23 
'IVPeiii 
SUm of. 
Squares 
161317.5 
13701.3 
146904.6 
711.6 
1402049.2 
1563366.7 
46746.8 
32259.3 
2589.6 
11897.8 
442578.4 
489325.2 
120754.7 
33581.5 
59581.1 
27298.4 
351291.9 
472046.6 
F-value Probability 
Greater thali 
F-value 
0.77 
0.20 
2.10 
0.01 
0.70 
1.46 
0.12 
0.54 
2.29 
1.91 
3.41 
1.55 
0.52 
0.66 
0.16 
0.92 
0.56 
0.24 
0.74 
0.47 
0.11 
0.18 
0.08 
0.22 
Mu+tiV¥iate Analysis of Variance Results Base1 on Roy's MaxiJm.nn Root 
Cr1ter1on: 
Hypothesis 
No Overall Zinc Effect 
No Overall Lino Effect 
No Overall Zinc*Lino Effect 
'On" IS 
~
Root 
0.95 
1.24 
1.19 
Jl:grees p-value 
of 
Freed am 
3,18 
3,18 
3,18 
0.43 
0.32 
0.34 
------------- - ~~-~ ----- ~ 
Table E-9 
Hll.tivariate Analysis of Variaooe of the Effects of Zinc arxi Linoleic 
Acid OVer Time on Mean P~et VolUDE of YCUJl] Male Rats Fed Zinc 
and Linoleic Acid. 
~ent 
Variable 
Intercept 
Source Degl: ees 
of 
Freedan 
Medel 3 
Zinc 1 
Line 1 
Zinc*Lino 1 
Error 20 
Total 23 
Linear Effect CNer Time 
Mcx:iel 3 
Zinc 1 
Line 1 
Zinc*Lino 1 
Error 20 
Total 23 
Q,ladratic Effect CNer Time 
Medel 3 
Zinc 1 
Line 1 
Zinc*Lino 1 
Error 20 
Total 23 
TvPe nr 
SUm of 
Squares 
0.102 
0.006 
0.061 
0.035 
2.579 
2.681 
0.148 
0.045 
0.088 
0.016 
0.379 
0.528 
0.009 
0.003 
0.004 
0.003 
0.622 
0.632 
F-value Probability 
Greater thafl 
F-value 
0.26 
0.05 
0.47 
0.27 
2.61 
2.36 
4.62 
0.85 
0.11 
0.09 
0.13 
0.10 
0.85 
0.83 
0.50 
0.61 
0.08 
0.14 
0.04 
0.37 
0.96 
0.76 
0.72 
0.75 
Multivariate Analysis of Variance Results Based on Roy's Maxinu.nn Root 
Criterion: 
Hypothesis goy's 
MaXimum 
!):grees 
of 
p-value 
Root Freed em 
No CNerall Zinc Effect 0.82 3,18 0.49 
No CNerall Line Effect 2.01 3,18 0.15 
No CNerall Zinc*Lino Effect 0.66 3,18 0.58 
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Table E-10 
:tlJl.tivariate Measures Analysis of Variarx:::e of the Effects of Zin= am 
Linoleic Acid 0/er Time on lelkccyte Alkaline ~ in YOUI'XJ Male 
Rats Fed Zin= an:i Linoleic Acid. 
Source 
Intercept 
Model 3 
Zinc 1 
Line 1 
Zinc*Lino 1 
Error 20 
Total 23 
Linear Effect over Tilne 
Mcxlel 3 
Zinc 1 
Line 1 
Zinc*Lino 1 
Error 20 
Total 23 
QJadratic Effects Over Tilne 
Model 3 
Zinc 1 
Line 1 
Zinc*Lino 1 
Error 20 
Total 23 
'IVPe III 
SUm of 
Squares 
77.5 
11.4 
57.2 
8.8 
709.2 
786.7 
137.18 
18.55 
96.40 
22.23 
330.65 
467.8 
18.34 
7.87 
10.33 
0.12 
290.28 
308.62 
F-value Probability 
Greater thai:! 
0.73 
0.32 
1.61 
0.25 
2.77 
1.12 
5.83 
1.34 
0.42 
0.54 
0.71 
0.01 
F-value 
0.54 
0.57 
0.22 
0.62 
0.69 
0.30 
0.03 
0.25 
0.73 
0.46 
0.41 
0.92 
Multivariate Analysis of variance Results Based on Roy 1s Maxinturn Root 
Criterion: 
Hypothesis goy•s 
MaXimum ~ ~value 
Root Freed em 
No Overall Zinc Effect 0.87 3,18 0.47 
No Overall Lino Effect 2.91 3,18 0.06 
No OVerall Zinc*Lino Effect 0.60 3,18 0.62 
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Table E-ll 
!tlltivar.i.ate Analysis of Variance of the Effects of Zinc ani Linoleic 
Acid OVer TiDe on Bleedin;J Tim in Yoon;J Male Pats Fed Zinc ani 
Linoleic Acid. 
L"ltercept 
Mcxlel. 3 
Zinc 1 
Line 1 
Zinc* Line 1 
Error 20 
Total 23 
Linear Effect OVer Time 
Model 3 
Zinc 1 
Line 1 
Zinc*Lino 1 
Error 20 
Total 23 
~tic Effects OVer Time 
Model 3 
Zinc 1 
Line 1 
Zinc* Line 1 
Error 20 
Total 23 
TvPe nr 
SUm of 
Squares 
610.30 
5.45 
496.74 
108.10 
3084.22 
3694.52 
317.89 
40.82 
40.82 
236.25 
1528.51 
1846.4 
230.32 
27.62 
196.94 
5.75 
1190.53 
1420.85 
F-value Prc::bability 
Greater than 
F-value 
1.32 
0.04 
3.22 
0.70 
1.39 
0.53 
0.53 
3.09 
1.29 
0.46 
3.31 
0.10 
0.29 
0.85 
0.09 
0.41 
0.27 
0.47 
0.47 
0.09 
0.31 
0.50 
0.08 
0.75 
M1.4ti~iate Analysis of Variance Results Based on Roy's Maxbnum Root 
en. tenon: 
Hypothesis RoY's 
MaXbnum ~ ~value 
Root Freedom 
No OVerall Zinc Effect 0.22 3,18 0.87 
No OVerall Line Effect 1.26 3,18 0.32 
No OVerall Zinc*Li.no Effect 1.64 3,18 0.22 
-------------·--. -- ·- -
~F 
RepeatedMeasuresstatisticalAnalyses 
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Table F-1 
Repeated Measures Analysis of Var~ for Weight Cll?.""ge of YOl.Dl:J Male 
Fats Fed Zinc arxi Linoleic .Acid. 
~ Soorce I::egree:s ~~ F-value Prcb:lbility of Greater t.ha.fl 
Freed am Squares F-value 
weig!Jt ~e 
For rays 2-
3 1188.0 8.27 0.001 Model 
Zinc 1 1120.6 23.41 0.001 
Line 1 0.7 0.01 0.91 
Zinc* Line 1 66.6 1.39 0.25 
Error 20 975.3 
Total 23 2145.3 
Weig!Jt Olange 
For rays 6-9 
0.22 Model 3 268.2 1.57 
Zinc 1 170.7 3.01 0.09 
Line 1 96.0 1.69 0.21 
Zinc*Lino 1 1.5 0.03 0.87 
Error 20 1097.7 
Total 23 3464.5 
Weig!Jt ~e 
For rays 10-13 
365.8 1.88 0.16 Model 3 
Zinc 1 165.4 2.55 0.12 
Lino 1 108.4 1.67 0.21 
Zinc*Lino 1 92.0 1.42 0.24 
Error 20 1296.2 
Total 23 1661.9 
Weigi].t ~e 
For rays 14-17 
0.35 Model 3 134.0 1.16 
Zinc 1 42.7 1.10 0.31 
Lino 1 10.7 0.28 0.61 
Zinc*Lino 1 80.7 2.09 0.16 
Error 20 773.3 
Total 23 907.3 
-------------- --
Table F-1 (COntinued). 
Repeated Measures Analysis of Varialx:e for Weight <llanJe. 
~ Source ~ees ~~ F-value Probability Var1.able of Greater than 
Freed an squares F-value 
Weigb.t ~ 
For Days 18-21 
MOOel 3 473.8 5.35 0.007 
Zinc 1 459.4 15.57 0.001 
Lino 1 9.4 0.32 0.58 
Zinc*Lino 1 5.0 0.17 0.68 
Error 20 590.2 
Total 23 1063.9 
Weigb.t ~e 
For Days 22-25 
MOOel 3 129.1 2.08 0.13 
Zinc 1 126.0 6.10 0.02 
Li.no 1 2.0 0.10 0.76 
Zinc*Lino 1 1.0 0.05 0.82 
Error 20 413.5 
'IOtal 23 542.6 
Weigb.t ~e 
For rays 26-29 
Mcx:lel 3 206.7 2.10 0.13 
Zinc 1 54.0 1.64 0.21 
Li.no 1 2.7 0.08 0.78 
Zinc* :WOO 1 150.0 4.57 0.04 
Error 20 656.7 
Total 23 863.3 
Weigb.t ~e 
For rays 30-33 
Mcx:lel 3 9.5 0.20 0.89 
Zinc 1 3.4 0.21 0.65 
Lino 1 1.0 0.07 0.80 
Zinc*Lino 1 5.0 0.32 0.57 
Error 20 316.5 
Total 23 325.9 
~t:.eq ~ Analysis of Variance Results Based on Roy's Maximum 
RoOt en ter1.on: 
Hypothesis RoY's 
MaX:imm 
D=gl:ees 
of 
p-value 
Root Freedan 
No overall Tine Effect 53.0 7,14 0.001 
No overall Tilre*Zinc Effect 17.3 7,14 0.001 
No overall Tilre*Lino Effect 0.9 7,14 0.56 
No overall Tine*Zinc*Li.no Effect 1.1 7,14 0.41 
--- . ---------
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Table F-2 
Repeated Measures Analysis of Variance for Food Intake of Yo.m;J Male 
Rats Fed Zinc am Linolei9 Acid. 
~ Sa.lrce tegl:ees ~III F-value Prd::lability of of Greater than 
Freedan Squares F-value 
Focxi Intake 
For rays 2-5 
Mxlel 3 1818.8 6.85 0.002 
Zinc 1 1350.0 15.26 0.001 
Lino 1 228.2 2.58 0.12 
Zinc:* Line 1 240.7 2.72 0.11 
Error 20 1769.0 
Total 23 3587.8 
Focxi Intake 
For rays 6-9 
Medel 3 209.1 3.82 0.026 
Zinc 1 187.0 10.25 0.005 
Lino 1 0.0 o.oo 0.96 
Zinc*Lino 1 22.0 1.21 0.28 
Error 20 364.8 
Total 23 573.9 
Focxi Intake 
For D3.ys 10-13 
Medel 3 521.1 12.11 0.001 
Zinc 1 477.0 33.26 0.001 
Line 1 22.0 1.54 0.23 
Zinc*Lino 1 22.0 1.54 0.23 
Error 20 286.8 
Total 23 807.9 
Focxi Intake 
For rays 14-17 
Medel 3 134.8 2.78 0.07 
Zinc 1 121.5 7.52 0.02 
Lino 1 10.6 0.66 0.42 
Zinc*Lino 1 2.7 0.17 0.68 
Error 20 323.0 
Total 23 457.8 
--- ------------
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Table F-2 (COntinued) • 
Repeated Measures Analysis of variance of Food Intake. 
=~ 
Source ~ ~III F-value P.rctlability of Greater than 
Freedcm Squares F-value 
Focxi Intake 
For Il:l.ys 18-21 
Mcx:lel 3 8.5 0.19 0.90 
Zinc 1 8.1 0.53 0.47 
Lino 1 0.2 0.01 0.91 
Zinc*Lino 1 0.2 0.01 0.91 
Error 20 305.3 
Total 23 313.8 
Focxi Intake 
For rays 22-25 
Medel 3 58.5 1.69 0.20 
Zinc 1 57.0 4.94 0.04 
Lino 1 1.0 0.09 0.76 
Zinc*Lino 1 0.4 0.03 0.85 
Error 20 231.2 
Total 23 289.6 
Focxi Intake 
For rays 26-29 
Mcx:lel 3 308.5 4.58 0.014 
Zinc 1 308.2 13.72 0.001 
Lino 1 0.2 0.01 0.93 
Zinc*Lino 1 0.2 0.01 0.93 
Error 20 449.3 
Total 23 757.8 
Focxi Intake 
For rays 30-33 
Model 3 22.1 2.06 0.13 
Zinc 1 22.0 6.17 0.02 
Lino 1 0.0 0.01 0.91 
Zinc*Lino 1 0.0 0.01 0.91 
Error 20 71.5 
Total 23 93.6 
~te9 ~ Analysis of Variance Results Based on Roy's Maximum 
ROOt cnter~on: 
Hypothesis 
No overall T:i.ma Effect 
No overall Tine*Zinc Effect 
No overall Tilne*Lino Effect 
No overall Tilne*Zinc*Lino Effect 
Ro\T 1S 
Maki.mum 
Root 
105.4 
14.5 
0.7 
1.9 
~ees 
Freedom 
7,14 
7,14 
7,14 
7,14 
p-value 
0.001 
0.001 
0.65 
0.15 
--------------·- --- ---- -
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Table F-3 
BEpeata:1 Measures Analysis of Variance for Food Efficien:::y Ratio of 
YCUI'XJ Male Rats Fed Zinc arrl Linoleic Acid. 
~ Source D;;:grsss ~III F-value PrOOability of of Greater thail 
Freedan Squares F-value 
FER 
For Days 2-5 
Medel 3 2543.8 3.90 0.02 
Zinc 1 2371.5 10.91 0.004 
Lino 1 0.5 0.00 0.96 
Z:inc*Lino 1 171.8 0.79 0.38 
Error 20 4346.1 
Total 23 6889.9 
FER 
For Days 6-9 
Medel 3 1056.8 1.54 0.23 
Zinc 1 569.4 2.48 0.13 
Lino 1 465.9 2.03 0.17 
Z.inc*Lino 1 21.5 0.09 0.76 
Error 20 4586.0 
Total 23 5642.8 
FER 
For Days 10-13 
Model 3 1854.4 1.79 0.18 
Zinc 1 404.8 1.17 0.29 
Lino 1 783.8 2.27 0.15 
Zinc*Lino 1 665.7 1.93 0.18 
Error 20 6910.3 
Total 23 8764.7 
FER 
For Days 14-17 
Medel 3 564.2 1.00 0.41 
Zinc 1 113.7 0.60 0.44 
Line 1 49.2 0.26 0.61 
Z:inc*Lino 1 401.4 2.13 0.16 
Error 20 3770.7 
Total 23 4334.9 
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Table F-3 (Continued). 
Repeated Measures Analysis of Variance for Fcxxl Efficiency Ratio. 
~ent Source l);!grees ~III F-value Probability Variable of of Greater than 
Freedom Squares F-value 
FER 
For Dlys 18-21 
Model 3 2922.9 4.95 0.01 
Zinc 1 2853.5 14.49 0.001 
Lino 1 34.6 0.18 0.68 
Zinc*Lino 1 34.6 0.18 0.68 
Error 20 3939.6 
Total 23 6862.6 
FER 
For Dlys 22-25 
Mo:iel 3 596.2 1.83 0.17 
Zinc 1 581.2 5.36 0.03 
Lino 1 11.4 0.11 0.75 
Zinc* Line 1 3.5 0.03 0.85 
Error 20 2167.0 
Total 23 2763.2 
FER 
For rays 26-29 
Model 3 1235.1 2.36 0.10 
Zinc 1 296.2 1.70 0.20 
Lino 1 1.2 0.01 0.93 
Zinc*Lino 1 937.7 5.38 0.03 
Error 20 3487.5 
Total 23 4722.7 
FER 
For Days 30-33 
Model 3 57.7 0.19 0.90 
Zinc 1 17.3 0.17 0.68 
Lino 1 7.7 0.08 0.78 
Zinc*Lino 1 32.7 0.35 0.57 
Error 20 2002.6 
Total 23 2060.3 
~tec;l ~Analysis of Variance Results Fased on Roy's Maximum 
ROOt cnter1on: 
Hypothesis 
No overall T~ Effect 33.5 
No overall Time*Zinc Effect 13.4 
No overall Tilre*Lino Effect 0.9 
No overall T~*Zinc*Lino Effect 1. 2 
D:gtees 
of 
Freedom 
7,14 
7,14 
7,14 
7,14 
p-value 
0.001 
0.001 
0.49 
0.35 
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Table F-4 
Repeated Measures Analysis of Varialre for Total IrukDcyte camt of 
YOJll3' Male Rats Fed Zinc an:i Linoleic Acid. 
~ Source J:egtees ~nr F-value Probability of of Greater thaiJ. 
Freedom Squares F-value 
Total ~ COOnt. 
On Da 3 y Mcxiel 3 4.5 0.18 0.91 
Zinc 1 o.o 0.00 0.98 
Line 1 4.4 0.53 0.47 
Zinc* Line 1 0.0 o.oo 0.97 
Error 16 137.4 
Total 19 141.9 
Total Lellkocyte count 
en ray 13 
15.3 0.32 Model 3 0.81 
Zinc 1 13.9 0.87 0.36 
Line 1 0.5 0.03 0.85 
Zinc* Line 1 0.8 0.05 0.82 
Error 16 256.2 
Total 19 271.5 
Total Lellkocyte COUnt 
en ray 23 
Model 3 54.5 2.48 0.10 
Zinc 1 53.8 7.33 0.02 
Line 1 0.4 0.05 0.82 
Zinc* Line 1 0.3 0.04 0.84 
Error 16 117.4 
Total 19 171.8 
Total Ie~ Count 
On Day 33 
Medel 3 19.2 0.65 0.59 
Zinc 1 14.6 1.49 0.23 
Line 1 0.1 0.01 0.92 
Zinc*Lino 1 4.5 0.46 0.50 
Error 16 156.5 
Total 19 175.7 
BePeat:a;l Megsures Analysis of Variance Results Basai on :Roy's Maximum 
ROOt Cnter~on: 
Hypothesis RoY's 
MaXinu.nn ~ p-value 
Root Freeedom 
No overall Tll!e Effect 16.70 3,14 0.001 
No overall Time*Zinc Effect 1.84 3,14 0.19 
No overall Time*Lino Effect 0.23 3,14 0.87 
No overall Time*Zinc*Li.no Effect 0.15 3,14 0.92 
---------------- ··-- ·-· - -
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Table F-5 
a:peated Measures Analysis of Varian::e for Al:s:ll.ut:e Graml.ocyte 
camt of Youn;J Male Rats Fed Zinc am I.i.mleic Acid. 
=~ 
Source Degtees ~ni F-value Prctlability of of Greater thai1 
Freedom Squares F-value 
Absolute Granulocyte Count 
On ll:ty 3 
Mcxiel 3 3541.9 1.61 0.23 
Zinc 1 325.2 3.30 0.52 
Lino 1 2098.4 2.85 0.11 
Zinc*Lino 1 791.0 1.08 0.32 
Error 14 10296.7 
Total 17 13838.7 
Absolute Granulocyte Count 
On ll:ty 13 
3531.6 2.08 MOOel 3 0.14 
Zinc 1 3256.7 5.77 0.03 
Lino 1 143.1 0.25 0.62 
Zinc*Lino 1 132.0 0.23 0.64 
Error 14 7906.1 
Total 17 11437.7 
Absolute Granulocyte Count 
On ll:ty 23 
3767.4 2.08 Model 3 0.15 
Zinc 1 3578.3 5.94 0.03 
Li.no 1 13.6 0.02 0.88 
Zinc*Lino 1 175.4 0.29 0.59 
Error 14 8439.7 
Total 17 12207.1 
Absolute Granulocyte Count 
On ll:ty 33 
Model 3 2580.1 1.11 0.37 
Zinc 1 647.6 0.83 0.37 
Lino 1 1507.9 1.94 0.19 
Zinc*Lino 1 424.5 0.55 0.47 
Error 14 10863.4 
Total 17 13443.5 
~ta;i ~Analysis of Variance Results Eased on Roy's Maximum 
ROOt Cntenon: · 
Hypothesis RoY's 
MaXimum 
Degtees 
of 
p-value 
Root Freedom 
No overall Tirre Effect 17.2 312 0.001 
No overall Tilne*Zinc Effect 2.4 3
1
12 0.12 
No overall Tilne*Lino Effect 0.9 3
1
12 0.47 
No overall Tilne*Zinc*Lino Effect 1.4 3
1
12 0.29 , 
-------------- -- ···-· -
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Table F-6 
Repeated M:asures Analysis of Varian=e for Pl..atclet Q:lmt of 
Yo.m;J Male Rats Fed Zin: arxl Li.ooleic Acid. 
~ SOOrce ~ ~III F-value Prd:Jability of Greater than 
Freedom Squares F-value 
Platelet Count 
On Day 3 
Mc;x;lel 3 621058.4 3.13 0.07 
ZlnC 1 18596.1 0.28 0.61 
Line 1 219696.1 3.32 0.09 
Zinc*Lino 1 487153.4 7.37 0.02 
Error 10 661223.1 
Total 13 1282281.5 
Platelet Count 
On Day 13 
Mo:lel 3 349679.0 2.72 0.10 
Zinc 1 187345.5 4.37 0.06 
Lino 1 216960.1 5.07 0.05 
Zinc*Lino 1 9371.5 0.22 0.65 
Error 10 428284.7 
Total 13 777963.7 
Platelet Count 
On Day 23 
MOOel 3 13523.8 0.39 0.76 
Zinc 1 4134.9 0.36 0.56 
Line 1 9161.5 0.79 0.39 
Zinc*Lino 1 227.4 0.02 0.89 
Error 10 115623.9 
Total 13 129147.7 
Platelet Cotmt 
On Day 33 
Mcxiel 3 220957.4 0.65 0.59 
Zinc 1 73699.4 0.97 0.35 
Lino 1 93045.4 1.22 0.29 
Zinc*Lino 1 54212.6 0.71 0.41 
Error 10 760136.4 
Total 13 981093.7 
~ted Maasures Analysis of Variance Results Based on Roy's Maximum 
ROOt Criterion: 
Hypothesis RoY's 
MaXinn.mt ~ p-value 
Root Freedom 
No overall Time Effect 7.96 3,8 0.009 
No overall Time*Zinc Effect 1.41 3,8 0.308 
No overall Time*Lino Effect 5.17 3,8 0.028 
No overall T.iJne*Zinc*Lino Effect 3.80 3,8 0.058 
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Table F-7 
REpeated Measures Analysis of variance for Mean Platelet Voluoe 
of Yc:mq Male Rats 'Fed Zi.oc and Linoleic Acid. 
~ Source D:!gt'EES ~III F-value P.rti:lability of of Greater t:hafl 
Freedan 5qUal:eS F-value 
Mean Platelet Voltnne 
en ray J 
MOOel 3 0.05 0.14 0.93 
Zinc 1 0.02 0.20 0.66 
Line 1 o.oo 0.04 0.84 
Zinc* Line 1 0.03 0.24 0.63 
Error 10 1.19 
Total 13 1.19 
Mean Platelet Voltnne 
en ray 13 
MOOel 3 0.20 0.81 0.52 
Zinc 1 o.oo 0.02 0.90 
Line 1 0.20 2.41 0.15 
Zinc*Lino 1 0.02 0.23 0.63 
Error 10 0.83 
Total 13 1.04 
Mean Platelet Volume 
en ray 23 
M:xlel 3 0.61 4.40 0.03 
Zinc 1 0.00 0.13 0.72 
Line 1 0.58 12.52 0.005 
Zinc* Line 1 0.00 0.09 0.77 
Error 10 0.46 
Total 13 1.07 
Mean Platelet Voltnne 
en ray 33 
Model 3 0.57 4.68 0.03 
Zinc 1 0.02 0.53 0.48 
Line 1 0.54 13.31 0.005 
Zinc* Line 1 0.15 3.60 0.09 
Error 10 0.41 
Total 13 0.98 
~ted Measures Analysis of Variance Results Based on Roy's Maximum 
ROOt criterion: 
Hypothesis ~ l):gl:ees of p-value 
Root Freed an 
No overall Tine Effect 11.90 3,8 0.003 
No overall Tbne*Zinc Effect 0.26 3,8 0.85 
No overall Tine*Lino Effect 1.73 3,8 0.24 
No overall Ti.me*Zinc*Lino Effect 1.92 3,8 0.21 
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Table F-8 
Repeated Measures Analysis of Variarx:e for I.eukccyte ADaline 
~tase of YCJUl"g Male Rats Fed Zin:: an::1 Linoleic Acid. 
~ sam::e Degrees ~~ F-value Prctlability of Greater than 
Freedan Squares F-value 
~ Alkaline RlOSf.ila.tase on ray 3 
1189.9 4.08 Model 3 0.02 
Zinc 1 2.3 0.02 0.88 
Line 1 1125.3 11.57 0.003 
Zinc*Lino 1 78.2 0.80 0.38 
Error 19 1847.9 
Total 22 3037.7 
~Alkaline Rl~tase on ray 13 
148.4 0.46 Medel 3 0.72 
Zinc 1 8.2 0.08 0.78 
Line 1 71.3 0.66 0.43 
Zinc* Line 1 62.2 0.57 0.45 
Error 19 2062.9 
Total 22 2211.2 
Ie~ Alkaline rh~tase on ray 23 
Medel 3 217.4 1.45 0.26 
Zinc 1 55.5 1.11 0.31 
Line 1 127.1 2.55 0.12 
Zinc*Lino 1 28.1 0.56 0.46 
Error 19 948.0 
Total 22 1165.5 
~ Alkaline rhosphatase 
on ray 33 
0.61 Medel 3 122.1 0.63 
Zinc 1 52.0 0.80 0.38 
Li.no 1 30.7 0.47 0.50 
Zinc*Lino 1 36.2 0.56 0.46 
Error 19 1229.6 
Total 22 1351.7 
~te:;l ~Analysis of Variance Results Based on Roy's Maximum 
ROOt Cr~tenon: 
Hypothesis RoY's 
MaXilm.mt 
D:grees 
of 
p-value 
Root Freedan 
No overall Tillle Effect 6.77 3,17 0.003 
No overall Tillle*Zinc Effect 0.33 3,17 0.81 
No overall Tillle*Lino Effect 1.87 3,17 0.17 
No overall Tillle*Zinc*Lino Effect 0.51 3,17 0.68 
------------ . -·- --- ... -.. - -
Table F-9 
Repeated Measures Analysis of Variarre for mee:iin] TDie of 
YaJill Male Rats Fed Zinc and Liooleic Acid. 
~ Soui'ce ~ees ~III F-value P:rt:i;)ability of of Greater than 
Freedan Squares F-value 
Bl~Time 
On ray 
MOOel 3 840.5 0.48 0.70 
Zinc 1 273.4 0.46 0.50 
Lino 1 345.0 0.59 0.45 
Zinc*Lino 1 222.0 0.38 0.54 
Error 20 11771.2 
Total 23 12611.6 
Bl~Time 
On lliy 
3 366.0 0.51 Model 0.68 
Zinc 1 96.7 0.40 0.53 
Lino 1 216.0 0.90 0.35 
Zinc*Lino 1 54.0 0.23 0.64 
Error 20 4793.3 
Total 23 5159.3 
Bl~ Time 
On ray 2 
Model 3 1388.8 1.77 0.19 zmc 1 140.2 0.54 0.47 
Lino 1 522.7 2.00 0.17 
Zll'lc*Lino 1 726.0 2.77 0.11 
Error 20 5235.0 
Total 23 6623.8 
Bl~ Tim= 
On ray 2 
MOOel 3 626.2 1.30 0.30 zmc 1 6.0 0.04 0.85 
Lino 1 o.o o.oo 1.00 
Zinc*Lino 1 620.2 3.86 0.06 
Error 20 3211.7 
Total 23 3837.8 
~teQ Meq.sures Analysis of Variance :Results Based on Roy's MaxbmJm 
ROOt Cnter1on: 
Hypothesis 
No overall Time Effect 
No overall Time*Zinc Effect 
No overall Time*Lino Effect 
No overall Time*Zinc*Lino Effect 
11.17 
0.58 
1.14 
1.19 
ISJreES 
of 
Freedcm 
3,18 
3,18 
3,18 
3,18 
----------
p-value 
0.002 
0.68 
0.36 
0.34 
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